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PREb’ACK TO THE FOURTH EDTTION 

The oxcerpts from previous prefaces printed below will enable 
the reader to see the main ideas which have been kept in view 
since the inception of this book in 1908. The demand for 
a fourth ^edition within little more than a year after the 
publication of the third edition seems to show that this 
method of treating tlie subject has been acceptable to the 
chemical public. 

Ill writing a book such as this, several difficulties have 
*io be avoided. In the first place, it is essential to ensure 
that tlie text does not degenerate into a iiicre scries of arid 
abstracts of authors’ papei-s, for nothing is duller than chemical 
pemmican. 

Secondly, since it may reasonably be assumed that some 
I'eaders ai-e not perfectly aapiainted with the earlier history 
of every field of research described in the volume, it is 
nccessaiy to provide a foundation upou' which 'the description 
of recent work can bo liascd. For example, to restrict an 
account of the work done upon the tcrpcncs to papers published 
only within t])e lost three years would be to distort the whole 
perspective^ of the subject and lender the book unreadable. 
The title, ^'Eecent Advances,” was purposely chosen so as to 
permit lihe inclusicgi of earlier work wherever this was neces- 
sary ; and*tho words must not be interpreted os meaning that 
only the very latest papers in any branch will be described. 

In the third place, the limitations of space complicate the 
author’s problem. Out of the many fields of interest which 
the subject contains, lie has to make a selection, since otherwise 
the book would be too unwieldy. How is the process of 
selection to bo carried out ? In the present volume an attempt 
has been made to hold the balance evenly between the theory 
and the practice of the subject, so as to give as fair a repre- 
sentation of the whole field as possible, j^urther, the general 
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Gontiniiity of Oiganic Chemistry has influenced the selection 
to some extent, so that information given in one (fiapter may 
be collated with facts described in other parts of th^book. 

•Finally, at this time of day there is very little excuse for 
writing an advanced work which is a mere reproduction of^ 
facts and theories thrown together without critisid spirit. The 
advancement of knowledge is promoted mainly by the study 
of those facts which cannot be accounted for by current 
theories ; and it is essential to avoid the impression that our 
present»views ore the only hypotheses capable of fitting our ever- 
extending acquaintance with phenomena. Oiganic Chemistry 
is a subject of the greatest interest ; and it seems to be a duty 
of those who expound it to bring out strongly some* points 
which will appeal to younger investigators and stimulate them 
to go furtlLor into the many questions whieh ore still witliout 
an answer. 

In the present edition, a new c'uiptor has been written with* 
the object of calling attention to some of the problems which 
still lie open to solution among the commonest facts of the 
text-books ; and it is hoped that this may be of interest to the 
younger generation of investigators, and may direct their 
attention to kindred questions among the simpler oiganic com- 
pounds. Tlie older chemists— among whom I now regretfully 
include myself— are often hampered by long-continued reliance 
upon the current conceptions when they attempt to face new 
problems ; and it is to the rising generation that we must look 
for the results which will follow from the iippact of fresh 
minds upon the knowledge which has been acquired. Com- 
plexity and profundity are not necessarily cognate terms ; and 
a vast field of research still awaits us among the Simplest 
oiganic compounds. ^ * 

The chapter on the poly^ieptides has been extended by a 
section which traces the connection between the synthetic 
materials on the one hand, and the naturally occurring proteinB 
and their derivatives on Uie other; but no attempt has been 
made to do more than give an outline sketch of protein 
chemistry. Those who wish full details on matters such as 
this wiU seek their information in volumes specially devoted 
to the subject; for attempts to deal in any detail with* such 
a complex branch of chemistry within the scope of a chapter 
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appear to end in dullness and, what is worse, to ^ve a wroqg 
idea of thefitate of our knowled^. 

In ot^ parts of the book the principal advanees of Uie 
last year have been dealt with in appropriate sections. 

In conclusion, I wish to express my indebtedness to 
Professor CSoliie, P.B S., and Professor Smiles, F.RS., O.B.E., 
for assistance in the preparation of the present edition. My 
thanks aie again due to my reviewers for their kindly 
encouragement, and ^so for help in indicating how the book 
could be improved. 

ALFRED W. STEWART. 

« 

The Sir Dohald Currie Laboratories. 

The Queer's Uhivi bsitt, Blliast, 

Aiigaatt 1920 



KXTKACTS FKOM THE PUEFACK tO 
THE FUlST EDITION J 

t 

Iii dealing with Oi^nic Chemistry two courses aro open ; 
for we may consider the matter eiUier historically or from 
the synthetic point of view. In the present volume the 
second method has been adhered to as far as possible; and 
when the synthesis of a substance is known, its constitution 
lias been deduced from the method of formation rather than 
fj-um its decomposition products. The latter, when impor- 
tant, are reserved for consideration after the constitution has 
been demonstrated, l^or the sake of clearness, each step in 
the syntheses has been treated in a separate section, so that 
at any moment the reader can see exactly how fai' he has 
advanced, and can easily refer back to any stage which he 
may wish to rend again. 

Univebsitv CoUiKOK, London, 

Septmbert IIXXS. 


EXTJIACT FKOH THE PKEKACE TO 
TJIE SECOND EDITION 

When writing the lirst edition, 1 tried to bear in mind that 
science is not a mere collection of datif, but is rather a rapidly 
clianging seiics of hypotheses by menus of whish we attempt 
to grou]) the facts with which we aie acquainted; and con- 
sequently I endeavoured (as one of my revieweft j)ut it, 
more clearly than 1 could do) '*to illustrate tlic ^principles 
upon whicli modem chemistry moves — not stands — and to 
undermine the conservatism which exists in all but strikingly 
original minds." The reception accorded to the volume 
sl;iowcd that this mode of regarding the subject is more 
general than I had anticipated. 

*■ 

The Sir Donald CniuuE Labouatoiurb, 

The Queen’s Univebsity ov Belfast, 

October, 1910. 
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To keep the book iu touch witli the modern trend towards the 
chemistry of natural products and substances of physiological 
interest, .a new chapter has been written containing certain 
theories bearing upon the synthesis of compounds in vegetable 
and animal oiganisms. 

. One error, common to nearly all text-book^ has, it is 
hoped, been avoided in this one. On comparing the average 
* text-book’s statements witli those in tlio original papers, one 
is fieqnently struck by the manner in which a tentative 
suggestion in tins journal takes on a dogmatic tone when 
transferred to the text-book; and in this way a wholly 
eri'oneous view of the actual facts is put afloat among those 
who seldom consult the original literature. Such mishaps 
cannot altogether lie avoided, but it is believed that in the 
present volume a successful effort has been made to approach 
the spirit of the originals, and I have striven not to force any 
point beyond its legitiiAate range. 

An attempt has been matle to write in a critical spirit, 
as was done iu the two previous issues. It is possible that 
i-eaders litay detect a certain bias against the Hood of synthetic 
material yrhich pours chiefly from the German laboratories. 
Lest this should be attributed to a reconsideration of the 
value of German science iu the light of tlie war, it may bo 
mentioned that exactly the same views were exiiressed in 
earlier editions ; I have seen no reason to modify my opinions 
on the subject. 

• 

Thk Phybical Obrmihtby Dbpabtubnt, 

The UHiVEBsrFY or GijASgow, 

• Siptmber, 19lB. 



INTRODUCTION 

At tho present time it is not altogether easy to say on what 
lines a text-book of Organic Chemistry should be written. 
To state in the preface that the Author ** hopes it will supply 
a long-felt want’' is not always an injudicious ihethod of 
announcing the Author's belief in tlie readers of text-books. 
For if the " long-felt want " of the public is to have a re-state- 
ment of all the old facts once more, with nothing new, no 
critical faculty shown, and an obvious lack of evidence that« 
the book can be used to broaden our outlook on other sciences 
as well as chemistry, then no doubt the desire. of the public 
for the time being is satisfied. 

It is certainly to be i-egietted, howevei*, that so many books 
on Organic Chemistry are published regardless of the fact that 
Organic Chemistry is a growing science. If one wants to 
know about a new piece of country, to obtain a large number 
of photographs all taken from the same place, is obviously a 
foolish thing to do. Yet book after booi}c on Organic Chenustiy 
is published, covering the same ground, with a fine disregard 
of the fhet that to the pioneers the outlook *is constantly 
changing. A book that has practically nothing j^ew in it, 
except the description of a few more compoipds, is unn^v sary. 
Fortunately, however, there 4ue some text-books whihh are not 
mere narrations of facts, and which do point out not only 
what has been done, but what might be accomplished, and 
which do make the reader think. 

At no time, moreover, is a change wanted in the method 
of writing text-books more than at present. , Deluged as 
are with unnumbered foots which have often neither expla- 
nation nor obvious connection wi1i)i one another. Organic 
Chemistry has become a vast rabbit heap of puzzling and 
bewildering compounds. The sanguine chemist expresses a 
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hope tiiat some day, perhaps, a few of these may be osefaL 
All knowledge ought to be useful, even that obtained by the 
inanufactpre of the thousands of new substances whioh are 
annually produced in chemical laboratories. But where is it 
to stop? Wfien one looks at Beilstein's Handbook" or 
Biohler*s "Lexicon," or takes up a cuixent volume of any 
chemical journal, how many of the compounds or the papers 
are of interest even to the most enthusiastic chemist? The 
game of permutations and combinations goes on, tlie chief 
object apparently being merely to supplement the already 
existing myriads of laboratory-made organic compounds. 

How^ out of all this undigested mass, is the writer of a 
text-book to glean what is of interest or tell what ought to 
be taken and wliat left ? The result is that many text-books 
m not much more than abridged chemical dictionaries. The 
only tax on the reader’s mind is to remember as many facts 
as possible. The text-book is rare that stimulates its reader 
to ask. Why is this so ^ or, How docs this connect with what 
has been road elsewheio ? 

Indeed, it is not mconceivablc that a useful text-book 
might bo written on the constitutional formula of a single 
organic compound; for instance, alcohol. Its manufacture 
and physical properties would have to bo considered. This 
would necessitate a knowledge of many typical organic com- 
pounds, and also of many kinds of reactions. The evidence 
thus obtained could tlien be summed up for the purpose of 
expressing all these facts by the chemical formula. Here 
the theory of the constitution of organic compounds wqpld 
have to dealt with, beginning with the ideas in vogue at 
the beginning of« last century: Boizelius’ Eleotro-ohomicd 
Hypothesis, of how the nature of the elements present had 
the chief influence on the properties of tho compound ; Dumas’ 
l^pe-thcoiy, and how he was the first (about 1840) definitely 
to recognize the arrangement of the atoms in the molecule : 
how this idea took about a quarter of a centuiy to get into 
the text-books^ how Erankland, in 1852, started the idea of 
valency, from which sprang the modem ideas of chemical 
structure and linking of atoms; how Eekuld Jrst definitely 
put forward the ulea of the quadnvalence of carbon; how 
Crum Brown, in 1866, suggested the present form of graphic 
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formulie aud pointed out that they were *'not to indicate 
the physical but merely the chemical position of the atoms,” 
All these ideas have more or less centred round alcohol and 
its derivatives; and any one who carefully had folfowed the 
reasoning that led to these various mechanical methods for 
representing by a chemical formula the molecular structure 
of organic compounds would be in a position easily to recog- 
nize that our present ideas must in future suffer change just 
as they have done in the past. 

llerzelius’ ideas were those of a great mind ; but in his 
day narrower theories were necessary for the more detailed 
development of chemistry. Dumas* Type-theory, on the other 
hand, was too narrow ; it was a very restricted system of 
classification, and one that led to -rpany false analogies. Up 
to the present day, the Frankland-Kekule conceptions of 
valency and grajiliic formuhe ha\o held their own, but theite 
are signs that these, too, will have to be modified ; physical , 
as well as chemical properties will have to bo accounted for. 

The present vuluiuc should be of great use to students of 
organic chemistry. The subject-matter is put in an eminently 
lucid form that enables the reader easily to follow all the 
arguments, while at the mrine time his critical faculty is 
stimulated. Thu book, moreover, is unlike so many rnodom 
text-books in tJiat it is not a mere compilation of facts; 
several novel theories on organic chemistry are dealt with, 
theories that up to the i)resent can Ij^ly be said to have 
assumed definite shape, but which rather point to the paths 
along whicli the pioneers of the science are likely to go in the 
immediate future. • 

J. NORMAN COJ.L1R 
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OHAPTEB I 


OBOANIO OHEMISTIIT IN THE TWENTIETH CENTUBT 


< In the form in which it exists to-day, organic chemistry may 
be said to take its root in the work of Frenkland^ at the 
middle of last century. Once the doctrine of the constancy of 
talency was accepted, the way was open for Gonper' and 
Kekold * to bring order into the vast mass of matefial which 
had been accumulated in earlier times; while, later, van't 
ftoff ^ and Le Bel carried the ideas of molecular arrangement 
put of two dimensions into three and laid the foundation of 
our present views. Following in the track of these pioneers, 
the chemists of the latter half of the nineteenth century 
rapidly developed the theoretioal side ^ of the subject; while, 
on the other liand, the modem structural formuls lent to 
synthetical work a certainty which had previously been 
unknown. 

Despite the Briorean etforts of the synthetic school, it is safe 
to say that the latter h£if of the nineteenth century will be 
regarded as a time when theoretical speculation played the 
tnftin port in the development of the subject Of the hundred 
thousanc^ organic compounds prepared during that time, the 
majority were still*Bom and their epitaphs are inscribed in 
Beilstein’s Handbook. Compared with the great darifying 
ptoeess which laid the basis of our modem views, they weigh 
but little in the balance. 

The new century opened under different auspices. At first 


1 FtanUud, Phik Trant,, 186S, 14S, 417. 

« Ooaper, PMt Mag,, 1868, !▼., 16, 104. 

• SalniU, AamaUn, 1866, 1S7, 199. 

* wn'tHoffi VoonMltatuUMdkigdartiriu^ da mmta 

( 1874 ). 

lie B4. Mi. 100 . oMm., 1874, fin 8i» 877. 
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2 RECENT ADVANCES JN ORGANIC CNEMISTRY. 

it seemed as though the discoveries in electronic physics would 
have their reaction upon our structural views ; *but though 
several attempts ^ have been made in this region of %the subject, 
organic chemists in general have not welcpmed them with 
anything like whole-hearted encouragement. There is a feel- 
ing, apparently, that in abandoning the usual structural 
formulsB and replacing them by electronic symbols the subject 
is being complicated instead of simplified; and this feeling, 
whether it be due to scientific caution or to mere conservatism, 
has certainly carried the day for the present.' It seems pro- 
bable that the lack of a concrete model has been one of the 
drawbacks from which the new movement suffered. Struc- 
tural chemistry and the conception of molecular , asymmetry 
owed more than we can estimate to the fact that they could 
be illustrated by mechanical devices which rendered them 
easy of apprehension by the multitude ; and it seems possible 
that, if electronic models could be contrived, ‘ their appearance 
would stimulate the chemical imngination much more rapidly 
than any mere written efforts con do. 

Daring the last fifty years the flood of synthetic material, 
principally from the German laboratories, has tended to 
obscure the genesis of what we still, out of respect for tradi- 
tion, term organic chemistry. In its early days the science 
was devoted to the study of compounds produced by natural 
methods in plants and animals; and it is interesting to find 
that during the new century a return has been made to the 
older field. 

The twentieth century was hardly begun, when in 1903 
Eomppa devised a synthesis of camphor, and thu» cleared up 
a problem which had engaged the attention of mauf investi- 
gators. Later came the wdrk of Perkin and his school in the 

> NelBon and Falk, School of Minec Quarterly, 1009, 80, 179; J. Amer, 
Qhm. Soe., lois, 87, 974; Nelson, Beans, and Falk, Hrid., 191A, 88, 1810; 
Falk and Nelson, ibid., 1910, 88, 1CS7 ; 1911, 88, 1140; JlUk, iUd., 1919, 8^ 
1041; Noyes, ibid., 1919, 84, 668; Fry, ibid., 1919, 84,664; 1914, 80,948,969, 
1086; 1916, 87, 886; 1916, 88, 1898, 1897, 1888; ZdiMh. phyinkal, Chem., 
1911, 70. 886, 898, 691; 1919, 80, 99; 1918, 88, 666; 1916, 80, 468; Sta^, 
Jdhrb.BadioMoEUelroMk,iaM,b,m; 1909,6,19; 1919,6,16; PhyAkal 
Rdtteh., 1912, 18, 686. 

* Bamsay (Prw. Boy. Bbe., 1916, (A), 88, 461) devised a sim^ eleotrloal 
modd whloh may be oapable of elaboratton. 
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toipeDe group, which gave a fresh impetus to study iu this 
branch of thcT subject. 

In the sjhaloid series great strides have been made, both 
in determining constitutions and in devising synthetic methods 
of preparing the natural substances; whilst the examination 
of plants and the extraction from them of new alkaloids is 
proceeding apace. 

In the carbohydrate group the problem which looms behind 
most of the modem investigations is the constitution of the 
celluloses ; and the work carried out by Cross, Bevau, Purdie, 
Irvine and others is leading us gradually towards a solution of 
that intricate enigma. The celluloses have extremely compli- 
cated structures ; and it is only by breaking up their molecules 
Into simpler compounds and then identifying these that we 
can hope to determine the constitution of the parent substance. 
The first step in this direction is evidently to olTtain and 
identify readily purifiable carbohydrate derivatives such as 
methyl ethers, acetyl derivatives, etc. Then by metliylating 
or acetylating celluloses themselves previous to breaking them 
up, it may be possible to recognize among the decomposition 
products certain well-defined fragments which will permit of 
guesses being made at the structure of the original molecule. 

Much more complicated is the riddle of the protein molecules. 
Although there is a surface similarity between proteins and 
celluloses owing to the fact that both molecular types are liable 
to fission under the action of hydrolysing agents, the decom- 
position products of the proteins ore far more complex than 
those resulting from the break-down of celluloses. Fischer’s 
work on the polypeptides has been a first step towards a more 
exact kndwledge of tjie protein constitutions ; but it is a very 
short step ofi a very long road. 

The methods devised by Fischer in his investigation of the 
polypeptides served him later in his researches on the tannins. 
In 1912, he put forward the view^ that the natural tannins 
were folly estoiificd glucoses in which digaUoyl nuclei replaced 
the hydrogen atoms of hydroxyl groups ; and this conception 
of the tannin structure was justified by his synthesis of penta- 
m-digBlloyl-/3-glucose, which closely resembles Chinese tannin 

a 

^ For a foil aeoount see Fisoher's leotare,B«r., 1018,48,8958; also Fkoher 
and Bexgmuin, ibid., 1918, 51, 1760; 1919, 59 [B], 899. 
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in its properties. The straotnze of this compound may be 
represented by 

CH,OI^ CH(OB). OH ^OH(OR) ^OH(OR) OB(OB) 

in which the radicle R is the digalloyl nnclens 
O OHb 

-CO-/f"^OOH8 ^_00H8 

0-CO-^^ J OOHb 

JWHs 

Gompounds of this type hdong to what is termed the depside 
group, depsides being compounds obtained by linking the 
carboxyl radicle of a phenoRo carboxylic acid to the hydroxyl 
radicle of a second molecule of the same compound ^Yhen 
two molecules are thus ]oiued the compound is a didepside, 
when tliroe molecules are linked together in the chain tHe 
product IS termed a tzidepsido, and so on Foi example the 
formula 

HO.CoHi.CO 0 CbHi CO 0 CeH* COOH 
is that of a tridcpside 

It must not be assumed, however, that Fischez's researches 
have given us the key to the structure of all classes of tannins, 
since liemloclc tannin, for example, contains no sugar group in 
its stzucture and hence cannot be constituted in this way at aU.^ 

Turning to natural pigments, it will be found that the 
present century has seen a great advance in our knowledge. 
Kostanecki’s researches on the iiavone derivativef^ established 
the constitutions of many of the natural dyes. WiU^tAtttt^s 
woik on chlorophyll has given us some insight into the nature 
of that mysterious substance, though it would be goiog too fiur 
to that even yet we know much about the oblorophyU 
structure; whilst in the field of fiower pigments the same 
investigator ha? established the general character of the anthcH 
oyanins and h<m praotioally reduced futnre^work to a stneo* 
typed line. 

The examination of the colouring matters of the blood and 
of the bilft has opened up yet another branch of pore "Hnganio 

* yawning ud NMEODSUis, IVOIII., 1019, 11^ fl60t 
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and tihe paialldiam establuhed between brain 
end ohjofqdiyll suggests most interesting refleotions as to the 
of there two natural substanoes which (day so great a 
pait in animal and vegetable economy. 

The Anglo-Etenoh (^thesis, of artificial rubber furnishes 
one of the most striking modem examples of international 
collaboration, and forma a happy augury for the future. 

So much for the efieots of a return to the original aims of 
organic chemistry. When the purely synthetic side of the 
subject is examined in turn, it must be admitted that the 
results are of less general interest Of “new” compounds 
there is no lack; but of “interesting” substances there is 
a distinct dearth. Two classes, however, stand out with 
refreshing deamess from the chaotic mass of laboratory by- 
products : the ketens and the hiphenylmethyl derivatives. 

The keteus may be regarded as a new typo of knhydiide 
derived from acetic acid or its substitution piquets : — 


H on 



In virtue of the ethyleno-carbonyl grouping which they 
contain, the ketons aie intensely active and unite with many 
reagents with the utmost readiness. Thus with water they 
regenerate tho parent acids; with alcohol they yield the 
ooizesponding esters; with hydrochloric acid they give the 
chloTO-derivatives of the parent acids ; chlonuo acts on them 
to produce chlor-acylohlondes, ammonia yields amides; aniline 
produceg anilides ; and on reduction they give aldehydes. Left 
to themeelves, they ^ rapidity to 

tetmmetihylene denvatives and more oomplex substances; and 
th^ readily oxidize in air. With compounds containing 
doable linkages they combme with more or less readiness, 
toning oyolio oomponnds with four members in the ring : — 

(GsH«)iO-g-0 (G6H5 >iC 9=0 

C^iOH-K.CVHt 

( la the case of certain oyolio bases a similar reaotion results 
iu the toaation of what have been termed keten bases. Thus 
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with pyridine and dimethyl-keten the produot is dimethyl- 
keten-pyridine : 

CO > ^ 

n I 

(CH,),C^^ C(CH,), (OH^ (IkOH,), 

'^CO^ 

The keten class was discovered in 1905 by Staudinger,^ and 
the method of preparation devised by him depends upon the 
removal of two atoms of a halogen from the halide of a 
halogen substituted acid by means of metals : — 

Br Br 

I — 2Br 

Ea:C— C:0 — ^ R* : C«C : 0 

Later, Wilsmore and Stewart ‘ showed that the paieift 
substance, keten itself, which had not then been isolated, 
could be obtained by treating acetic acid or acetone with an 
electrically heated wire, which removed water in the one case 
and methane in the second instance. 

Though the ketens afford many points of interest, their 
actual bearing upon theory is not great. The triphenylmethyl 
and diphenylhydrazyl derivatives, on the other hand, suggest 
problems which go down to the veiy root of our ideas of 
valency. It is perhaps too soon to shy that the study of this 
series will entirely modify our views on chemical affinity ; but 
the progress which has been made certainly suggests that the 
last has not yet been heard of the question. ^ ^ 

On the technical side oiganic riiemistc havo no;b been idle. 
The great dye industry pours out its flood of colour; and 
although os a general rule its products have a commercial 
rather than a scientific interest, two dasses deserve notice here. 

Vat dyes are those which, like indigo, are almost insoluble 
in water, but yield on reduction leuco-compounds soluble in 
alkali. The actual dyeing process is carried out by impreg- 
nating the fabric with the leuco-compound and then allowing 

^ Staudlnger, Bar., 1906, 88, lf86. 

' Wilsmore and Stewart, Ifoiure, 1907, 78, 610; Wilsmore, IVwu., 1907, 
91, 1986. 
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or fordiig oxidation to take place. Ihe earliest example 
the anthraqizinone vat dyes, indonthrene, was produced in 1901. 
It is prepared by fusing 2-ammo-anthraquinone with alkali, or 
by condensing l-aodno-anthraquinone with itself : — 



which can be produced by heating 2-amino-anthraquinone 
with alkali to a temperature higher than that required to form 
indanthreno. Indanthreno is a yaluable dye-stuff of greater 
stability Chan indigo; whilst flavanthrene, though giving a 
blue vat, jiyes cottrai yellow. 

Another class of anthraquinone vat dyes are the acyl deriva- 
tives of amino-antbraquinones. For the most part these are 
yellow or orange in odour, whilst the anthraquinone-imiues 
vary in tint from orange to red or daret cobur according to 
their constitution. , 

In 1906 Friedlander ^ discovered the Aio-analogue of indigo 
in which the two imino groups are replaced by sulphur 
atoiqB ; and this substaxioe has become the foundation of a very 

1 FriedlSnder, B«r., 1906, 89, 1060. 
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eztenBive group of dyes. The following scheme shows one 
method of syntbesu — • 





^ — 


/V^\ 

I I OH, 
\^\co/ 

Thlo mdoxyl 


II 



. /®' 
OsO 

\3cy 

Thio indigo, 



Thio-indigo imparts a rcddish-violet colour to the fabric, 
and inodihed tints can be piodnced by usmg the ammo or 
halogen denvatives Further changes in colour are obtained 
by condensing together one isatin and one tluo-mdoxyl gioup* 
producing mixed structures — 


/. /°°\^\ 
I 1 II 


Violet A. 


, /\/^\ /®\ 

and 11 0-C NH 

\^\oo/ — / 

Scarlet 


whilst by unitmg thio-mdozyl with diketo-acenaphtbenequmone 
the Tiduable dye thio-indigo scarlet is dbtained 



Synthetic drugs have been produced in laige numbers in 
recent years Of these the most important is aalvarsan or 606» 
which IS dihydrozy-dianuno-arsenobenzene dihydrochlonde. 
It has been need with success to kill the sprochate which 
produces syphilis, though, of course, it has no efibet in re« 
pairing the rayages already caused by the disease if treatment 
has bm delayed. Another organic aisanic derivative* eim> 
ployed 18 atoayl (also known as atsamin or soamin), whioh u 



w r/w tnmimstB aunvi)t ' f" 

tiMr moiuhaddiam salt of ^aminophenyl-azmDie aeid. It )i ' 
utiliaed in caaes of Bleeping sickneaB. Both of thM 
dnigB, if naed incautidnsly, may produce blindneBB, 

NmnarouB new local anaoBtheticB are now known, anoh 
as Btovaine, novocaine, and j3-eacaine, adrenaline haa been 
i^theBued; ^and the oonatituentB of eigot are now manu- 
fkotured for pharmacological purposes. ^ 

The modem explosiye industry need not be described here. 
None the less, it has risen to heights which were not antici- 
pated by any one before the war. 

The new century has already seen the employment of fresh 
types of reagents; and some account of these must now be 
given. • The most widely applicable of all is that which we 
owe to Grignard.^ The rush to apply this new synthetic 
weapon exceeded anything previously known in the history 
of organic chemistry ; mdeed, the original discoverer was left 
rfilmost out of the race; and hundreds of papers testified to 
the general eagerness to try the applicability of the mag- 
nesium alkyl derivatives to all sorts of problems. Owing to 
its simplicity and certainty the Ongnard reaction stands 
almost m a class by itself. 

Next to it comes the reduction method of Sabatier and 
Senderens,* in which a, mixture of hydrogen and the substance 
to be. reduced is passed over a heated layer of finely divided 
metal. This reaction also has been minutely studied ; and the 
relative catalytic values •of various metals have been tested. 

A reagent which fonnd wide application m the earlier 
years of the centuiy is ** Caro's acid," prepaied by mixing 
potassiumipersulpkate with concentrated sulphuric add. The 
permonfisulphuric aeid thus formed is one of the most interest- 
ing oxidising agents at our disposal. In general, it is power- 
ful in action; hut it may easily be regulated so that the 
senntive intermediate compounds can be isolated, os in 
the ease of the production of nitroso-benzene from aniline. 

Ozone iz not exactly a new reagent in oiganio ohemistiy ; 
hut itz real usefidneBS was not recognized until Harries made 
thorouc^ examination of its action. It attadu ethylenio 
Bnhigez and forma ozonides whidi can he deeompozed by^ 

' I OdgUKd, Oontf^ fWidii 190(^ 110^ ISflA 
. . * SalialiM and SaaJarepi, rmid,, 1807, IM, 618. 
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water, yielding decomposition products of the original un- 
satiirated compound. The reaction in the case of*citial will 
be sufticicnt to show the results which are to be expected : — 


(CHa)aC . CHa . CH, . . CHO 

Cited. 


^ f 


Oa 




0 : 0 : 


(ClIa)aC CH . CHa . CHa . 0- 

<i:0:<!) : oi. 


In. 


CHO Citral osonide. 


(CH3)aC0 + OCII . CHa . CHj . CO + OCH . CHO 


CHg Docomponiblon products^ 

It will bo seen that the ozoiiido mctliod furnishes a means 
of determining the constitution of ethylenic derivatives; but it 
must be noted that its application is limited by certain sharply 
defined conditions. The ease with wliich ozone acts upon tho 
particular compound under tost, the readiness with which the 
formed ozouido decomposes,* and the stability of other radicles 
in the nucleus against attacks by ozone all tend to circumscribe 
the utility of tlie reagent. 

On the theoretical side of organic •choniistry, to which we 
must now turn, Thiele’s viows have exerted a considerable 
inf] nonce during the century. Tt is very seldom that any 
theory is accepted immediately after being published ; usually 
a cousidcrablo time is required during ^hich the dhemmal 
world assimilates the author’s views in a more or less uncon- 
scious mnnnor, until some day they find their way into text- 
books. It is a remarkable tribute to the value of Thiele’s 
theory that it became a classic almost os soon as it was 
publislied. 

The Thiele theory ’ is based upon the following assumption : 
In the case of a double bond between two atoms, it is supposed 
that tho whole of the affinity of the atoms is not used up, but 


* Tho osonidoH arc explosive substances. 

• Thiele, Annalm, 1899, 806, 87. 
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that in addition to the attractive force which is utilized in 
joining the two atoms together there is a slight excess on each 
atom. This slight excess of valency Thiele designates by the 
name Partial Valency, and to |ts presence he attributes the 
additive power wliich unsaturated compounds display. To 
represent th# partial valencies, Thiele employs a dotted line, 


thus — 

H E 

E.O E.C E.N 

II II II 

E.O 0 E.N. 

H 


Now, when we come to the consideration of such a system os 
E.CH:0H.CH:C1£.K 

ive find that it shows one peculiar property in connection with 
addition i-eactionB. ISince it contains two double bonds, it 
"might be exitectcd to take up four atoms of hydrogen or 
bromine at once, or at least to take up two atoms of bromine 
or hydrogen at one of the double bonds. In other words, wo 
should expect to iind one molecule of bromine attacking it first 
with the formation of the cotnpouud — 

E.CnHr.CHBr.CHiUfr.K 

to which another bromine molecule might be added, giving the 
tetrabromo-compound — 

E . Cl IBf . Oil Br . CHBr . CH Br . K 

In practice, however, the first molecule of bromine does not 
attack either of the double bonds ; it attacks them botli at once, 
witli tlie formation of the compound — 

E". CHBr . CH : CH . CHBr . K 

in which both of the original doable bonds have disappeared, 
while a new double bond has been formed in the centre of the 
molecule. If we write out the scheme of partial valencies for 
the original substance — 

. E.CH:CH.CH:CH.E 

! i I ! 

it is .evident that only the two at the ends of the system liave 
the faculty of attracting bromine, the two middle partial 
valencies failing to act. In order to express this behaviour 
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Thiele writes the formula in the following way, in which the 
two central partial valencies are supposed to have neutralized 
one other : — • 


Kr-CH— CH-CH-CH— R 


We can symbolize this behaviour by supposing that the 
carbon atoms of the chain are charged alternately with positive 
and negative forces ; tlie two central atoms will then neutralize 
one another, leaving the ends still charged — 


+ — 4- — + — 

R.CHiCH.OHrCH.R R.CH:OH.CH:CH.R 

• i ! ! I i i . 

Such a system Thiele terms a Conjugated Double Bond, 

If addition takes place in the ca'te of a conjugated double 
bond, obvif'usly the two now atoms w ill attach themselves at 
the ends of the chain in the positio.i indicated by the free* 
partial valencies. Rut this does not end the matter : for no 
sooner has addition taken place than the conjugation is de- 
stroyed ; and hence a new double bond will be formed between 
the central atoms of the system — 


R.CH:C1T.CH:0II.R 
Br -Br 


R.CJHiCl^ClIiClI.R 
Br Br 


R.CH.CHiCH.CH.R 

I I ? I 


Br Br 


The most striking application of the Thiele thoory,Jiowev6r, 
is found ill the cose of the lienzene ring. If.wo write down the 
Keknl4 formula for benzene, and fill in the partial valencies in , 
the usual way, wo arrive at the following figure : — 
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An examination of this system will show that it fotma 
a dosed ssries of eonfugaUd dovUe bonds. In other words, it 
can be wjiitten as shown below, and no free partial valencies 
exist in the system. Thus an explanation is furnished for the 
impossibility of producing addition products with benzene under 
ordinary condjitions. 



Though the theory of partial valencies has very widespread 
application, it is not absolutely accurate ; for several coses are 
known in wliich it is not in accordance with tlie results of 
experiment.^ 

, As far as the benzene nudeiis is concerned, the question 
which has excited most interest recently is the orientation of sub- 
stituents in the ring. For example, when chlorobenzene is 
nitrated, a mixture of ortho- and pam-chloro-nitrobenzenes is 
formed ; whereas wlien nitrobenzene is chlorinated the product 
is mainly nicta-chloro-nitrobonzeno. Thus when the chlorine 
atom is the original substituent it “ directs ” the entering group 
into the ortho- and para-positions ; whereas if the nitro-group bo 
originally present it influences the entering substituent towards 
the meta-position. Thp only simple rule formulated so for has 
been that suggested by Crum Brown and Gibson,^ which may 
be stated as follows. Write down the formula for the mono- 
snbstitutgd benzene compound which is to be further acted 
upon. • In this formula replace Colic by H. If this new com- 
pound can be oxidized directly to a higher stage of oxidation, 
then a meta-derivative will result from further substitution of 
tlie original benzene compound ; but if no such direct oxidation 
of the hydrogen compound is possible, then ortho- and para- 
derivatives will be formed as the main products in further 
substitution. For example, take the coses given above. If we 
start with Calfc-^O, and replace the phenyl radicle by a 
hydrogen atom, we get HhfOa. Nitrous acid can be oxidized to 

« Harries, riwiolsn, 190S, 880, 186 ; Bredt and Kallen, itid., 888, 388. 

a Gtoin Bwvn and Qibson, ZVwm., 1892, 61, 867. 



14 RECENT ADVANCES IN ORGAN/C CHEMISTRY 

nitric acid easily. Whence according to the rule, a second 
substituent entering the nitrobenzene nucleus will go into the 
meta-position. On the other hand, if chlorobenzene be our 
starting-point, tlio hydrogen compound will be hydrochloric 
acid; and as this is not oxidizable directly to hypochlorous 
acid, the rule indicates that a mixture of ortho- and para- 
derivatives will be formed when a second substituent enters the 
chlorobenzene nucleus. 

When more complex cases are examined, the factors govern- 
ing the orientation of the entering substituents become much 
more complex ; and as the Crum Brown and Gibson rule itself 
is not without certain exceptions, it will bo seen that the 
problem is by no means a simple one.' 

i’assing to other subjects, intramolecular change must be 
mentioned, as in this region much work of first-class impor- 
tance has been carried out since the beginning of the century. 
It would lead us too far were wo to enter into any general* 
discussion of the problem ; but one or two examples must be 
given. 

The most striking of tliosc is the discovery by Hantzscb of 
a new class of electrolytes which have been named pseudo-acids 
and pseudo-bases. l*revious to his work, the electrolytes 
known to us might be grouped under the four following heads : 
(1) Acids, which give rise to hydrogen ions ; (2) Bases, which 
yield hydroxyl ions; (3) Salts, which dissociate into acidic 
and basic ions ; and (4) Amphoteric •electrolytes, which are 
capable of producing either hyilrogen or hydroxyl ions accord- 
ing to the experimental conditions employed. * 

Now when an acid solution is neutralized by nueans of a 
base, the solution is acidic at the beginnings and ri*maiu^ aciaic 
all through the titration until the neutralization-point is reached. 
On the other hand, if we start with a solution of nitromethane, 
it is neutral in I'eaction ; and yet if we slowly add to it a 
solution of sodium hydroxide, the solution does not become 
alkaline at once. In fact, we may have to add a considerable 
quantity of alkali before the next drop produces an alkaline 
reaction in the liquid. Clearly nitromethane is a neutral 

1 Fov full information on tho subject, soe Hollemau, Lit dinkU Eutftthr- 
ting von Substituenten in den Leneolkem (1910), and Obermiller, Die 
orienHermden EwflOase und der Bentolkem (1909). 
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substance which, gvm, time, can exhibit acidic properties in 
presence of alkali. It is this sloio iieutrfdization which dis- 
tinguishes at from a true acid. 

Without going into the details of the evidence, it may 
be said that intramolecular change is the governing factor 
in the problem. True nitromethane is not acidic; but in 
presence of bases it may cliange into an isomeric body, the 
oci-form, which possesses a hydrogen capable of being replaced 
by alkali : so that the reaction may be I'epresentcd by the 
following scheme : — 


CHa— > CHa-: 




CHa Nf 

\ONa 


Normal form. 


Aci-fonn. 


Salt. 


The slowness with which nitromethane neutralizes alkalies is 
obviously due to the fact that the intramolecular chahgo from 
•the normal to the aci-form is not instantaneous, but requires 
time for its accomplishment. 

The discovery of the pseudo-acids resulted in the collapse of 
Ostwald's hypotliesis as to the nature of indicators. Ostwald ^ 
assumed that indicators underwent a change of colour when 
dissociated into their ions. Thus undissociated phenolphtha- 
leiii, in his view, was colourless ; but wlien converted into the 
easily dissociable sodium salt it broke down into ions which 
were red in colour. By adding acid to the alkaline solution, 
the dissociation of tho pheiiolphthalein w^is restricted ; and 
hence tlie colour disappeaitid. Stieglitz^ suggested, on the 
other hand, that the production of the colour was due to in- 
tramolecular change in the phenolphtlialein molecule; and 
Hantzdeh^ confirmed this, showing that pheiiolphthalein, for 
example, changes from the benzenoifl to the quinonoid structure 
under the influence of alkali, and on further addition of alkali 
gives a colourlm solution, a fact wliicli cannot be explained 
by Ostwald’s hypothesis.* 


■ Ostwftld, Die mssetuchaftUchm Orundlagm der analytiachen Chemie 
(1894). 

• Stiegllta, J. Amer. Chem. Soe,, 1903, 96, 112. « 

a Hantzsoh, Bar., 1906, 89, 1090. 

* R 1b perhaps not without intorest to note that Ostwald in his Qrundrus 
dsr aUgemeinen ChemU (1919) still gives his hypothesis as the correct one- 
's curious example of incapacity to grasp the bearing of organic problems. 
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In connection with intramolecular change the case of* 
tetranitromethane may be mentioned.^ Under nordial cireum- 
stances, this substance appears to exist in the puce “nitro” 
form (I.), but in presence of amines or alkyl sulphides it seems 
slowly to be converted into trinitro-nitrito-methane (II.), as it 
gives exactly the same colour reactions as are observed in the 
case of alkyl nitrites : — 



OjN/ \iro. 


O.N:0 


(I.) (II.) 

This case seems to be a halfway stage towards pseudo-acid 
formation. 

At this point the progress in stereochemistry during the 
present century may be conveniently described. It must be 
confessed that though the period opened with high hopes, 
these have not been fulfilled by the increase of interest in tha 
subject. 

In 1899 the only two elements known to be capable of 
forming asymmetiic centres of optical activity were carbon and 
nitrogen; but since then the list bos been greatly increased 
by the addition of sulphur,^ selenium, ° tin,* silicon,^ phos- 
phorus,^’ cobalt,'^ chromium,'^ rhodium,* and iron.^* 

The whole question of molecular symmetry was raised by 
a paper of rerkin, Pope, and Wallach describing the resolu- 
tion into optically active components* of an acid having the 
following structure : — 


Cllav /CHa— OHjrv yll 

”^00011 * . 

It will be recalled that in one of his earliest publications on 


1 Harper and Macbeth, 2Van«., 1915, 107, U7 ; Mubetb, ibid., 1824. 

« Smiles, 2Vans., 1900, 77, 1174; Pope and Peachey, ibid., 1072. 

” Pope and Neville, Tratu., 1900, 81, 1552. 

* Pope and Peachey, Proe., 1900, 16, 48, 116. 

« Kipping, Tratu., 1907, 91, 209. 

■Kipping and Challenger, ZVons., 1911, 99, 626;*Mei8cnhelmar and 
LRhtonstadt, Ber., 1911, 4C, 356. 

’ Werner, Ber., 1911, 44, 1867. ■ Ibid., 8281. 

■ Ibid., 1912, 46 , 1828. Ibid., 438. 

u Perkin, Pope, and Wallaoh, Troiu., 1909, 96 , 1786; oompore Perkin and 
Pope, Trwu., 1911, 99, 1510. 
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Btereochemistiy, van’t Iloif pointed out that optical activity 
might be expected in compounds of the type — 



owing to the facf that, although there is no asymmetric carbon 
atom in the molecule, the groups Ki, lij, Its, at^'l 1^4 nro tetra- 
hedtally grouped in space, as can easily be seen i)y considering 
the anangernent of bonds around the central carbon atom on 
the van't Hoff hypothesis. The one double bond lies in the 
plane of the paper, wliilst the other must bo at right angles to 
the paper ; and hence a similar grouping of Ri and Ra in the 
])lauo of the paper and Rn and Ri abovo the plane of the paper 
must exist. The cyclic compound shown above belongs to the 
same type, since in its case the ring takes the place o£ one of 
the double bonds. 

' The claim that this snbstaiiec contained no asymmotric 
carbon atom was oontestod ' on the ground that tho carbon 
atom carrying tho methyl group is really asymmetrical if the 
structure of tho rest of the molecule be taken into considera- 
tion. The matter seems to bo one depending upon the inter- 
pretation given to the term “ asymmetric carbon atom ; and 
the reader may form his own judgment on the (picstion. 

Xew methods of resolving racemic componnd<) into their 
antipodes have been devised. Some of these proseut nothing 
essentially novel in conception.^ 

Much moro original was the method devised by Marckvvald 
and Meth" which <lepends upon the difference in rapidity of 
amide t(^n*ation between an active amine ami the rf- and 
/•forms of au acti\ e acfd. Thus when racemic niandclic acid wjis 
heated with l{evo-incuthylamine, it was found that the acid left 
unacted upon after tho process had gone on for ten hours was 
optically active. This method is based on tho same lino of 
reasoning as the method of Marokw'ald and McKenzie^ who 

allowed that when racemic mandelic acid is esteriiied with 

• 

' EvereBt, Ownu News, 190U, 100, 295; I*roc., 1911, 27, 285; Aranh, Proc.f 
1911, 87, 317. 

a Erlenmoyor, jan., Ber., 1908, 88,976; Neuberg, Ber., 1903, 86, 1192. 

> Mazckwald and Moth, Ber., 1905, 88, 801. 

* Marokwald and McKenzie, Ber., 1899, 88, 2130. 


0 



'i8 RECENT ADVANCES IN- ORGANIC CHEAflSHt 


menthol the reaction between the menthol and the d-fonn ie 
more rapid than is the case with the ^id ; so that bj inter- 
rupting the process before the acid is completely ^esterified the 
residual acid is optically active. 

A fresh field was opened up by Marckwald ^ in the accom- 
plishment of the first asymmetric synthesis^ of an optically 
active substance. In an asymmetric synthesis, an optically 
active compound is taken as the starting-point To this an 
extra radicle is added, so as to form a new asymmetric carbon 
atom. The original optically active portion of the molecule 
is then split off; and if the synthesis is successful, the re- 
mainder of the substance, containing the new asymmetric 
carbon atom, will bo optically active. For example, Marck- 
wald utilized methyl-ethyl-malonic acid (£.) which contains no 
asymmetric carbon atom. lie combined this with optically 
active brucine, thus introducing asymmetry into the molecule 
(11.). Now on heating this compound, carbon dioxide is split 
off forming (HI.), a compound which contains a new asym- 
metric carbon atom. Under the influence of the active brucine, 
a preieronoe is given to one active form over the other during 
this process ; and when tho brncino is split ofl‘ again, the acid 

(I.) (IT.) 


CH»v .COOH 
CgHfi/ ^COOH 


OH... 0 

OaH./ \C 


COOH 
!00 Brucine. 


eja/ ^00 Brnoine. G^m/ ‘NcOOH 

(III.) (ly.)* 

remaining (IV.) is found to bo optically active. 

In tho whole field of stereochemistry, no more puzzling 
phenomena are known than those group^ under the head of 
tlie Walden Iiiversioii ; and at tho present day we still await 
a solution of the problem. The data are so complicated that 
it would bo impossible to deal with them ftdiy here : all that 
can be doue is to indicate tho nature of the question.^ 


Sfarokwald, Ber., 1904, 87, 349, 1868, 4696. 

* For further details and references, see Ohm. 8oe. Am Reports^ 1911, ^ 
1912, and Stewart, Siereoehmistry (2nd edition). 
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Wdden ^ observed that when certain optically active com-, 
pounds ^ro lireated with non-asymmetrical reagents the sign 
uf the rotatory power was altered in some cases, dextro com- 
pounds being converted into Isevo-isomers without any marked 
lacemization being observed. The following scheme shows 
some of these conversions; and it will be seen that Imvo- 
malic acid, for instance, can be changed into deztro-malic acid 
by the successive use of phosphorus pentochlorido and silver 
oxide; whilst the converse change of dextio-malic acid into 
the Ifflvo-isomer can be accomplished by the use of the same 
reagents in the same order : — 

KOH 

d-Malic acid 

d-Chlorosuccinlc acid 

Another mysterious case is that of dextro-alanine and its 
ester.^ When ^-alanine is treated with nitrosyl bromide, it 
produces 2-a-bruinopropionic acid ; whilst d-alaniue ester, 
when subjected to the action of nitrosyl bromide and subse- 
quent hydrolysis, yields the corresponding antipode, d-a- 
bromopropionic acid : — 

Doxtro-alanino Nil, . GII(C IT,) . OOOIl — NOBr-> Lravo'ct-propfoiiio acid. 

• NOBr aud 

Doxtro-alonine ostor Nli,.GII(GH,). GOOEt ■ ■ — > Doxtro>a-propionic acid. 

hydroJyuu 

Again, ^hen silver oxide acts upon an n-halogen fatty acid 
and upon the product obtained by coupling this acid with 
glycine," the results are optically different 

*— CH, . CHBr . COOII Ag,0 — > d-CH, . CH(OH) . COOH 

Z-GH, . GHBr . GO . NH . GH, . G00H-Ag,0 and h7drol>’Hiii-> 

Z.GH,.OH(OH).OOOH 

Finally, the case of /-a-hydroxy-a-phenylpropionic acid 

• 

> Walden, Ber., 189S, 96, 213 ; 1895, 98, 1987, 9771 ; 1897. 80, 314G ; 1899, 

81, 1888, 1866. 

* FlBolier, Ber., 1907, 40, 489. 

* Ibid., 602; Fischer ^and Baske, ibid., 1062; Fiioher and Sohoellet, 
duMlm, 1907, 867, 11. 


1-ChIorosiiccinic acid 
l'i\spartic acid jAHa^J 
1-Malic .acid 


PCI. 
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may bo mentioned.^ When this snbstance is treated with 
phosphorus pontoohloride it yields a /2-chloro-Wd ; whilst 
when thionyl chloride is used, there is no changb of rotatory 
power, the /-chloro-acid being formed : — 


TjSCVO 


CHtf/ \COOH- 


-^Doxtro 


ch/' ncooh 

C6Ht\ ^ 

CTra/\cooir 


Seuter and his collaborators ^ have thrown light upon tlio 
matter from a different direction by examining the influence 
of the solvent on the course of the reaction. In the case of 
optictilly active brouiophenylacetic acid, CcHc . GHRr . COOH, 
they have shown that if this l)e idlowcd to react with am- 
monia in aqueous or alcoholic sotutiou, the amino-acid formed 
has a sign opposite to that of the original bromo-compound ; 
whilst if the solvent he liquid ammonia nr acetonitrile, 
the sign of the rotatory power is not rtiversed by the reac- 
tion. linino-diphonyhicetic acid is formed to some extent 
during (he reautioii. When o-bromo-/^-phenylpropionic acid^ 
CoHri* Cl la . Clll'ir . COOIT, is treated with ammonia in various 
solvents, some cinnamic acid is always produccil. 

(%c of the most complicated problems in the stei'eochomical 
field is that which concerns the iinmerical value rif optical 
rotatory ])ower. Two subsiduiry questions are hero involved : 
first, the influence of the active compound’s structure; and 
second, the elfect of the solvent in which it may bo dissolved. 
With rogard to the first of these we are still njfparently far 
from any satisfactory conclusion, though many^ facts have 
been accumulated by various investigators. Certain rough 
generalizations with regard to the effect of introducing double 
or triple bonds in place of single linkages have been made;; 
but we are still far from the time w'hcn it may be' possible to 
assess the approximate numerical value of the rotatory power 
from an examination of the active comperaud’s constitution, 
atf we can do in the case of refractive indices. 


1 llMkoDrie and Clough, 2Van«., 1910, 97, lOlG, S666. 

* Seuter and Drew, 2Vans., 1915, 107, CM; 1916, 109, 1091 ; Sontor and 
Tucker, TVans., 1918, 113, 140; Sonter, Drew, and Martin, tUd., 161. 
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Another problem which has attracted a certain amount of 
attention inf recent times is concerned with what lias been 
termed spatibl conjugation. It will be recalled that on the 
hypothesis of the tetrahedral arrangement of groups around 
the carbon atom, the first carbon atom in a straight chain may 
approximate closely in space to tlie fifth and sixth atoms of 
the chain. Similarly it is assumed on account of various 
reactions that the 1:4 positions of a six-iiienibered cyclic 
compound may also bo in some way closely related to each 
other. From an examination of optically active salts and 
esters of dicai'boxylic acids in which the carboxyl radicles 
lay -at opposite ends of the ctiaiu, UihUtch ^ showed that when 
these groups were .situal.(Kl in the L : 5 or 1 : C positions with 
regard to one another anoiiialuiis rotatory powers were ob- 
served; from which it follows that the groups must liavo 
iiifiuenced one another owing to their proximity ih space, 
since strinjiiirally they ai-e far removed from each otlier. 

The sumo problem was attacked in a diirerant way by 
Cloike.^ He measured the a^activity of atoms in the posi- 
tions X ami Y in the formula below, wliereiii X and Y may 
bo=NK, —0-- ami — S— . All possible eomhiuations of 
these groups in pairs were investigated : — 



It was found tliat when X and Y ai*e atoms capable of raising 
then' valency (for example : divalent sulphur, which can 
bucome (j[^adri valent, or trivaloiit iiiti'ogeii, which can show 
' pcutavolence) and iiiay therefoi'C be supposed to be cajiable of 
exhibiting*residual affinity, the two atoms X and Y do actually 
influence each other's reactivities. Further, if X ami Y bo 
identical, their reactive power is increased ; whereas if X and 
Y be dilferont (for example X=S and Y=:0) their reactivity 
is diminished. 

A fi’esh aspqpt of the question is disclosed when the ab- 
sorption spectra of stereoisomerides are examined Since these 

• ^ Ifilditob, ZVofw., 1909, 95, 1578. 

> Giarke, T*aw., 1912, 101, 1788. 

■ Macboth, Stowart, ar.d Wright, Traris., 1912, 101, 599, 
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compounds are structurally identical, the difference in thw 
absorptive power must be ascribed to purely spatifil influences. 
It was found that the difference between the absorption spectra 
of two isomerides was greatest when the change fi^m one form 
to the other entailed the relative shifting in space of two nil- 
satuiated radicles. When this condition was aot present the 
differences observed were slight. 

These pieces of evidence, drawn from such widely differing 
fields, certainly point to the probability that spatial coiguga- 
tion is a factor which may play a marked part in certain 
cases. 

We now como to a subject which lies in the borderland 
between organic and physical chemistry, namely, the relations 
between the physical properties of compounds and tlieir 
chemical structure.^ Tlic problems comprised in this l)ranch 
have, for the most part, been solved by organic chemists, owing 
to the fact that the iiiatcrLal of experiment is largely drawn 
from tiio carbon compounds. The curious step-motheiiy 
fashion in which this important subject has been treated by 
tlie oixliiiary physical chemist is possibly due to the influence 
of Ostwald, who had a largo following among the older group 
of physical chemists ; or it may lie ascribed to the fact that 
few physical chemists have any claim to be ranked ns oven 
moderate organic chemists, a fact which handicaps them in this 
particular lino of research. Wluitevcr be the reason, there is 
no doubt that the relations between chemical constitution 
and physical proi)erties, so fully recognized by van’t Hoff, 
have not been pursued with either oagemess or success by 
the pliysical chemists of the Ostwald school. *• 

Surface tension, specific boat, boflingrpoint, and flielung- 
point have occupied loss attention in recent years! The in- 
fluence of chemical structure upon viscosity has furnished a 
subject for a number of workers, among whom Dunstan and 
his collaborators have been the most successful. The rdationa; 
between volume and valency have formed the basis of a con- 
siderable amount of ingenious speculation by Traube, Barlow 

. * For a complete oooount of this field up to 1910, the reader should consult 
Bmlles’ BelatUnu between Chemicai Cenetitution and some Physieat Ftpperfiee, > 
^ven a cursory perusal of the book will suggest many subjects for further 
investigation. 
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and Pope» and Le Bas. The main trend of research, however, 
has been towifcds the study of optical properties. 

The physical properties of a molecule may be regarded 
fimm either of two different standpoints: for we may assume 
the molecular properties to be merely the sum of the proper- 
ties of the varioTls atoms in the molecule ; or we may decide 
to lay most weight upon the structural character of the com- 
pound. Unfortunately, this mode of classification breaks 
down at certain points; for it is found that in the case of' 
some substances the properties of the molecule are apparently 
compounded partly from purely additive factors and partly 
from constitutive effects. A certain physical property may 
be traced as an additive factor throughout a whole series of 
compounds, and then may finally be so greatly influenced by 
constitutive factors that the value deduced from additive 
methods diverges widely from the result of experiment upon 
the next member of the scries. Thus when we speak of 
additive and constitutive properties wc mean merely that in 
the one case the additive factor is predominant, whilst in the 
second case the influence of constitution outwciglis the purely 
additive effects. 

llefractive index gives an example of this. In the case of 
saturated molecules or uiisaturaled compounds containing a 
single centre of residual affinity, the refractivity of the sub- 
stance can be calculated with extraordinary accuracy by add- 
ing togetiior the rcfrocti^ities of the atoms contained in it. 
But if the molecule contains a conjugated system* of double 
bonds such as 

I 

— CH:CH--OH:Clf— — CH;CH-C:0— 

0 N.OH O 0- 

11 II 

-C CH — C C— 

the refractivity becomes anomalous and cannot be calculated 
from the separate ,refractivities of the atoms. Tn this case it 
is clear that constitutive influences are overbearing the purely 
additive relationship. 

Ma^etic rotatory power— (. 0 . the power of rotating the 
•Scop. 12. 
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plauu of polarizatiou which is acquirad by symmetrical sub- 
stauccs jdaced in a strong magnetic field — closbly resembles 
rufrnctiviiy in this respect. Substances conV.aining con- 
jugated double bonds exhibit a certain “exaltation" above 
the calculated rotatory power; so that here also the influence 
of the coustitiitioual factor outweighs the additive elTects. 

Maguulic susceptibility^ has recently been studied from 
the constitutional standpoint, and it is found to I'csemble mag- 
netic i-utatory ])ower in character, being influenced partly by 
additive factois and ])artly by the general constitution of the 
molecular structure. 

When absorption spectra ore examined, it is found that the 
additive factor is completely overborne, and that the manner 
in which the atoms are linked together in the molecule exerts 
far more inlhieneo than the nature of the atoms themselves. 
In i-econt times this subject has attnictcd very wide interest, 
either in the crude form of “it lations between colour and 
coiistitntion " or in the moi'o accurate survey of the visible 
and ultia-violet regions by the aid of the quartz spectrograph ; 
and within the last few years the work of Henri has opened 
ii]i the possilulity of calculating the graplis of compounds from 
d.ita obtained by the examinatioii of typical substance.s. 

Anotlier physical jiroiierly which uppeurs to be of value 
in ascertaining the ])resunce or absence of a hydroxyl radicle, 
is unomalous electric absorption, which was first noticed by 
Dioide.'' It IS found that hydi'oX’ylie substances strongly 
absorb llerzifui waves; and this faculty enables cnolic forms 
to be recognized in certain cases. 

Elcctric.al double refraction has also boon w0rk(;d upon, 
but fimu the results in this c:u<e the ])Foperiy appears to be 
^o highly constitutive in chanictor that it varies with very 
slight changes of structure; soth.)t it is impossible at present 
to find any way of co-ordinating the numerical results with 
the chemical side. 

The luminescence of certain organic vapours when subjected 
to the action of a current passing in u solenokl has been studied 

> Pascal, fiuU. floc. cAirn., 1909 (iv.), 6, tllO. 

* Henri, Rtudes de pholoehimic, 1919. 

* Drudo, Zeitseh. phyrikaL Chem.i 1909, 40, GS5 : compare Walden, itid., 
1908, 46, 17G. 
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by Kauffmann in the hope of throwing some light upon the 
flnoroscencl problem; but the whole matter of the relation 
between mioresceuce and chemical constitution is still but 
little underatood. 

From the foregoing paragraphs it will bo seen that an 
immense amduut of research remains to be done ujk)!! the 
connection between physical properties and chemical structure. 
We still await some general theory which adll co-ordinate tlie 
various branches of the subject. From a survey of the data 
at present available, it seems clear that the more puiely elec* 
trical a property is, the more does the influence of constitution 
preponderate. Thus refractive index is largely additive ; mag- 
netic rotation and magnetic susceptibility are slightly more 
coiislitulive in character; anomalous electric absorption and 
electrical double refraction are almost eutiroly epnstitutivo 
properties. It is true that al)sorplion spectr.i form an ap- 
parent exception to tliis rule. 

riiotuchcmistry ' hiis grown by loa|>s and bounds since tlio 
beginning of the century and is rapidly reaching tlio stage 
when it will be con.sidere<l a subject in itself. The problems 
already presented by it are t(K> uumoi-ous to be dealt with in 
this place; uiul yet the fringe of tlio subject is all that lias 
been altackeal as yet. 

The Hun'ey given in tlie previous pages of the progress of 
organic cliemistry during the pitisent century, though very 
iiicumpicto, will suiriee*to indicate the main lines upon which 
work is proceeding at the present day; and it sliould be 
suflicient to show tliat fresh subjects of research are still 
plentiful.* The newer trend towards a study of natural pro- 
ducts coipes ns a nflief after the long supi'umacy of the purely 
synthetic work of the late nineteenth century; and it may 
be emphasized in this place that in the near future the study 
of quite simple reactions will offer many points of interest. 
We are for too apt to be captivated by the application of old 
reactions to new syntheses; and it seems likely that more 
interesting and* useful work could be carried out by an ex- 
amination of even such obvious problems as the hydration and 
dehydration of simple organic compounds. 

' A full oooonnt of tho Bubjoct is given in Sheppard's Pliaiochetnittry (1914). 
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^ THE MONO-CYCIJC TRHPENES 

1. Introduetory. 

V 

WuEN the saps ana tissues of certain plants (such as. pines, 
camphor, lemons, and thyme) are distilled, the distillates are 
found to contain among other things a mixture of substances 
which are classed under the geneml head of ethereal oils. Fbr 
the most part these ethereal oils ccutain unsaturated hydro- 
carbons of the general formula (GsHh)!* (or derivatives of these 
substances), and these may bo divided into three classes — 

1. Open-chain oloflnio compounds. 

2. Mono-cyclic hy<lroGfirbuus (reduced benzene derivatives)L 

3. Cyclic compounds containing moro tlian one ring. 

In the naturally occurring compounds it is found that by 
far the greater number of these hydrocarbons have the em- 
pirical formula CioHioi and it' is not without interest that 
Collie,^ in polymerizing ethylene by means of the silent electric 
discharge, found that the major part of the substance used was 
converted into compounds containing either ten or fifteen carbon 
atoms. • 

The nonienclatura of those substances is at present* some- 
what in confusion. It has been customary to apply the name 
terpene to any compound having the composition CsHg, or any 
polymeric variety of this type. This general type was then 
divided into two others : the ** true terpenes," oycUc substanees 
of the formula GioHu ; and the '* olefinic terpenes,” which • 
are open-chain bodies having the formuhe G^s and CioHu. 
Another system of nomenclature classes the whole group under 
three heads : hemi-torpenes. GsHh ; terpenes, GuHie ; and sesqui- ^ 
terpenes, GuHa^ The naturally occurring mono-cyclic terpenes 

t OoUle, Tran*. Chem. 8oe., 1006, ST, 1640. 

a6 ■ 
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are for the most part derived from either m* or 2 >-heza-* 
hydrocyme^ 

Most of taiG terpenes are colourless, ploasaut-smelling liquids 
of high refractivo power. They boil without decomposition, 
-and are volatile in steam. Some are optically active, some 
inactive by racemization, while others, containing no osym* 
metric car^n atom, cannot show activity at all. 


. 2. ThA Synthesis of Terpineol, 

In the group of the mono>cyclic teri)enes, by far tlio most 
important compound is terpineol, for from it most of the 
other members of the group can be prepared, either directly 
or indirectly. The constitution of terpineol, therefore, is of 
considerable value to us in determining the constitutions of 
other substances which wo can derive from it. Thq inactive 
form of terpineol has been synthesized by Perkin,^ and as this 
synthesis dotcrinines the constitution of the substance, wo may 
describe it step by step. 

When /3-iodo-propionic ester was allowed to interact with 
the disodium derivative of cyan-acetic aster, y-cyano-ixjntane- 
aye-tricarboxylic ester was produced — 

CN KtOOC.CJTa.CHa ON 


2EtOOO.OIfa.CIIsl+Naa' 


/ 


\ 


= 2NaI + 0 

. ^JOOKt EtOOC.OH,C^, dOOEt 
Prom this the free acid was obtained by hydrolysis with 
hydrochloric acid, and when it was boiled with acetic 
anhydride .and then distilled, it was transformed by loss of 
watw and carbon dios^ide into S-keto-hexahydrobenzoic acid — 
HOOO.Ona.OHa 


HOOe.CH, 




IH.COOH = H,0 + CO,+ 


GHi.CRa 

+ (?0 ^H.COOH 


Perkin, Ttokm, Ohsm, 8oe., 1904, 86, 64, 6. 
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Grignard's reaction was then applied to the ester of this acid, 
magnesium methyl iodide being allowed to reacp with the 
ketoiiic grou]), and in this way ^-hydroxy-hexlihydrotoluic 
ester was formed — 


CU;, CHa.CHa 

\fg + 00^ ^ir . OOOEt 




CHj UJla.ClIa 

\/ \ 11.0 

<) OU.COOKt ► 

/\ / 

IMgO Clfj.CHj 

OHa CHa.Clla 

11,0 \/ \ 

> 0 CH.COOKt 

v!o ' uu ,. ci {^ 


When, by the siction of fuming hydrobromic acid, we replace 
the liydriixyl group in this acid by a bromine atom and then 
ivmove liydrobroniie acid from tliu cuiriixniud by iiieiin.s of 
weak alkalis or ])yridine, wo obtain A''-tetr.iliydn)- 2 >"tolnie 
acid — 


(JHg ClIa.(JU.a 

^H.COOKl: 
HO^'cHs.CI^ 


CKj CHa.CHj, 

UBt \/ \ 


V cH.oooir 

/\ / 

I3r OPIa.CHa 

CHa CH,.GHa 

\ 


AlkaUfl 


t V- 


CH.COOH 


% / 

CH . CHa • 

After esterifying the acid, the Grignozd reaction can be 
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again employed, with tire result that the ester group is attacked, ' 
and on treajbent with water the intermediate compound breaks 
down into inactive terpineol. 

OH,. OH, OH,. OH, CH, 

/ \ CH,.Mk.I / \ / 

OH,.C .CH.OOOEt > OH,.C CH-C-OH 

oh.oH, on. oh, oh, 

Terpiiii>oI. 

If this synthesis be oxamiucd step by step it will be seen 
that there can be no doubt as to the constitution of terpineol, 
for the reactions can only be supposed to take place in the way 
shown. Any alternative formulation of any of the reactions 
would at once lead to contradiction in tlie later experiments. 

.'All opticjilly active terjiineol has been prepared by Fisher 
and Perkin ^ by resolving the intermediate acid into doxtro 
and Imvo forms before continuing the synthesis. 

U. Thf HfCfmposUion Productx of Terpineol. 

The oxidation of tcrtiinool takes place in several stops and 
produces some compounds of importance in the study of 
terpene constitutions ; we may, thenifore, deal witli the matter 
briefly in this place. 

It has been shown by Wagner’* that when a compound con- 
taining a double bond is oxidized by means of jiotossium 
permanganate, the first step in the process is the binaking of 
the double bond and the addition of a hydroxyl group to each 
of the atoms between which the double bond originally lay — 

Oil 

. |{_c— K U U— Jt 

+ K,() + •) = I 
If U-C— li 

I 

UIl 

In the case of terpineol this rule holds, and it is found that the 
first oxidation prbduct ” obtained by the action of pei'inanganate 
upon terpineol is trihydroxyhexahydrocymeni! — 

1 Fislier and Porkin, Trana. Ghem. Soc.^ 190B, 98, 1871. 

s Wagner, Ber.^ 1888, 81, 1230, 8359; 1891, 84, CCS. 

> Widlaoh, Annakn, 1693, 875, 150. 
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CHa 

' CHa 

1 

C 

A— OH { 

1 1 

c^Yihoh 

CJHa CJHa 

' ^ 1 1 

CH, CH, 


1 

1 

(J . oil 

O.OH 


ci^Nh, 

Torpinoc 1. 

Trihydrozyhezahydcoeyinene. 


This substanco, on further oxidation,^ is converted into homo- 
terpenylio methyl ketono by tho rupture of the single bpnd 
between the two hydroxyl-beaiing cirbon atoms — 


CHa 

(Lou 

/\ 

CITg cic.oir 

(J J la (Jl la 

Y 

d-oii 

OH, OH, 

TriLydroxylioza- 

hyarocymouo. 


(JHa 

io 

/ 

CH, COOJI 
(Ijlli OH, 

V 

I • 

C-OH 

/\ 

CHa CHa 

IntoTmediato acid. 


CHa 

io 

OH, CO— 
-» I I 
CHa CHa 

V 

ch^Yjh, 

Uomotorpenyltc 
mnthyl ketono. 


As is shown in the formulae, the first product of the oxida- 
tion is a hydroxy-acid which loses water at once between its 
carboxyl and hydroxyl groups, yielding the keto-lootona 
This keto-laciono is the first product which can be isolated 
when terpincol is oxidized with chromic acid, for the action is 
BO violent that the trihydroxyhexohydrocymene is destroyed 
as soon as it is formed. 


^ Walloeh, AtuuOen, 1808, 875. ISO; Bar., 1805, 88^ 1778; Tlemum ud 
Sohmidt, ibid., 1781. 
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7 Fnrther oxidation with potassium permanganate ^ conveiir 
the keto-laotone into a mixture of acetic and terpenylic acids^ 

' CHb 


CO 

/ 

HaC CO—. 

I I 

HaC CHa 

V 


CHa 

' L 


i- 


OH 


coon CO—. 
I I 

CHa Cila 

‘^ 0 / 


CT- - - 

./\ 

(.'H, CH, 

Torponylio aoid. 


6 


01^ \n, 

Homoterponylio moihyl kotonc. 

fl « 

The latter substance, by the action of a 5 per cent, solution 
of permanganate, is still further decomposed into terebic acid — 

COOH CO—, C0-. 


CHa 


CHa 


/ 


(JH 

i 


0 


(X)Oir CHa 


Torponylio acid. 


Clf 

I 

c 

/\ 

ClI, OH, 

Toreblo aoid. 


-0 


It will bo seen that these formulae for homoterpenylic, 
terpenylic, aud terebio acid illustrato the decomposition of 
terpineol quite satisfactorily. Any doubt ns to their accuracy 
was removed by the synthesis of the three acids, which was 
canied out by Simonson * Terebic ° and terpenylic acid ^ had 
previously been synthesized in diflerent ways. The Simonson 
syntheses depend on the applioation of Grignard's reaction to 
various ketonic esters. From magnesium methyl iodide and 
acetyl-succinic ester ho obtained terebic ester — 


1 Wallaoh, Ber., 1895, SS, 1776. 

* Slmonsen, Trans. Ohsm. 8oe., 1907, 91, 184. 
> Blaise, C.B., 1898, US, 849. 

* Lawienoo, Trans. Cham. Boo., 1899, 76, 681. 
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COOKt 

COOEt 

00- 

looKt 

cooEt On, 

(JOOEtl (JHa 


■ " -- / 

/ 

CII 

OH 

CH 

1 

-> 1 

1 

(JO 

O-OMg.l 


/ 

/\ 


CII:, 

oil, oil. 

(Jil:, (’H:, 

Acciyl-niicciriic ostor. 


Turoliic ofltor. 


In o.xaclly the Siimo way /3-acetyl-glutaric ester is converted 
into lerponylio ester, and /3'acctyl-adipic ester into homo- 
tcrpoiiylic ester. 

The (‘oiistitntion of ItTpiiieol, tlien, may he considcRvl to be 
completely established, lioth synthesis and degradation inodiicts 
agreeing with the theory. 


4. The. ComtihUwn of Pqmifntc. 

WIu 11 torpineol is henU*d with acid potassium sulphate it 
loses a inolcfiuh* of wntor, and is converted into dipoiitein*. It 
is evident that wi* may rej)rcsent this (dimination «)f water in 
cither of two ways — 


C’lla 

1 

CM,, 

1 

1 

(j 

UaC; (Jii 

I 

0 

1 

C 

i[,d^ \h 

1 1 

lIa(J Clla < 

\/ 

U 

li 

j 1 

- 11,0 Oil, - 

V, 

1 1 

llaCJ- CIJ, 

• \*/ 

‘CII 

1 

II 

u 

cu^\ir, 

(I) 

j 

c.oir 

/\ 

(JHa Clla 

Tci^irieoi. 

1 

c 

CHa CHa 
(Ii.) 


Now, dipentene can bo obtained by mixing together equal 
quantities of dextro* and lu^vo-linioncne. It is, therefore, the 
racemic form of limouene, and must contain an asymmetric 
carbon atom. Formula (I.) contains no such carbon atom, 
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"but the atom in (II.), which is marked with an asterisk, is 
asymmetric. iDipeutene, then, must have the constitution 
represented by (IL). 

In order to satisfy ourselves that this formula is the conect 
one, we may test it by seeing how far it agrees with some 
decompositions which dipentene can bo made to undergo. 

Wlien nitrosyl chloride is allowed to act upon a compound 
containing a double bond it may unite witli it in either of two 
ways.' If the double bond lies between two tertiary carbon 
atoms, the chlorine atom attaches itself to the one and the 
nitroso group to the other, and the resulting substance is a Unf 
nitroso-dcri vative — 

CHa Clf;, OTIa CH„ 

\ / NOOI \ / 

> a — c 

CHj UH:,I ,011. 

NO Cl 

On the other hand, if (uio of the carbon atoms is a tertiary and 
the other a sucoiular}' one, ilie chlorine of tlie nitrosyl chloride 
attaches itself to the tertiary atom aiul the iiitroso-gmup t(» the 
secondary atom. The iiydrugcn atom then wanders, ns shown 
in tlie furniuli'O below, with the result that a cohmrlm vUo- 
iiitFORo-coniponiid is foniicfl — 


CII, 

(3H« 

INI, 

C1!„ 

CII, (JII, 

\ 

/ NOCI 

\ 

/ 

\ /■ 

(J 

-> 

C- 

-0 — 

» »>--(! 


\ 

/■ 

/ : 

:\ 

/I ■! 

Olla 

ii 

Clh' 

i If 

Olla' 1 


• 

Cl 

NO 

(U NOIJ 


We must now a])ply this to the case of dipentene. To make 
reference (‘nsy wc shall number each step. 

I. When nitrosyl chlorido acts upon dipentene, it might be 
supposed tliat it could react either with tlie double Iwnd in the 
nucleus or with that in the side-chain. It actually attacks 
the nuclear double bond, os wo shall show later, and to avoid 
the complication of two sets of fomiuliK we may cfinfine our- 
sdvos to the case of the oildition to the double bond of the 


» Tbiole, 0fr., 1894, 97, 465. 
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iiiiclttus. The reaction, if our formula for dipcnteno bo correct, 
will take the course shown below — i 


OH. 

1 

OH;, 

* OHa 

1 

1 

0 

1 

0 -01 

C-Cl 

/''•■ 

/\ 

/\ 

IfiC. (.'ll 

N0('1 ifj: (JH.NO 
1 1 

ir..O 0 : NOII 
^ 1 1 

1 1 

HaO (JIf.. 

- 1 1 
ii,(j cn. 

II..0 OIT.J 

\/ 

/ 

■\/ 

OH 

1 

OH 

1 

OH 

1 

C 

1 

0 

(') 


/ 


OH;, (Ml, 

OH;, OH, 

('II„ (JH.. 


Dipcniuiu'. 


IT. VVlion the nitrosochloridc formed in the last reaction is 
trcaUul with alcoholic polash it loses one inolecnlc of hydro- 
chloric acid, and is transibrmed into a compound >YhiGh proves 
to be identical with tlio oxime of the ketone carvone. This c«'in 
1)0 oxpixissed as follows: — 


(’ll.. 

OH:, 

(j— 01 

(J 


//\ 

II..(J 0:N()H 

-"<’1 H(; 0:N( 

1 1 

— ? 1 1 

llaO OH, 

11,0 (jir. 

\/ 

\/ 

OH 

(JH 


Oil:, Oils CJla OlTa 

Dipcntonc nitrosoclilorido. Garvoximo. 

III. ily liydrolysis of the oxime, carvone is produced. 

IV. Carvone, on reiluction, gives dihydiwjarveol. This 
i-eduction might bo supposed to take place either in the nucleus 
or in the side-chain. As will bo shown later (VI.), the nucleus 
is reduced and the side-chain left untouched We need not 
concern ourselves with the alternative set of formula), but may 
again coniine ourselves to the one set — 
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CHa 

OH:, 

Id 

1 

OH 

h/\, 

H,(^^^!H.On 

r - — ^ 1 1 

1 1 

II,U TJUa 

ir.o OH, 

\/ 

\/ 

CH 

1 

OH 

1 

1 

Vj 

c 

/\ 

OH, OH, 


Oarvono. 

Dihydrocarvool, 


V. On oxidation, dihydrocarveol f^ivos a trihydroxyhoxa- 
hydix)cyniene — 

Oil. 

OlT 

Tr,d^ '(jic.oii 

llji t!H» 

\ / 

(.'ll 

(L OH 

/\ 

Clla On,OH 

V r. On further oxidation a kolone alcohol in formcd- 

CH, 

/^\ 

11,0 OH. OH 

I I 

H,0 OH, 

V 


cu« 


(X) 

/ 
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The produotioa of this substance proves what was previously 
stated in I. and IV., m, that the nitrosyl chloride attacks 
the nucleus, and that in the reduction to dihyarocarveol the 
side-chain double bond is not reduced. If the nitrasyl chloride 
had attacked tho side-chaiii we should, at Stage III., have 
formed an aldehyde of the type — • 

CH« 



• 

CHj Clio 


instead of tho ketone pmUicod in practice. If tho side-chain 
had been reduced in Stage TV. instead of the nnolous, the 
nucleus would have been attacked by the oxidizing agent in 
Stage V., tho ring would have l^eon broken, and a kctonic ami 
would have been formed, just as in the case of tho oxidation of 
terimieol. 

VII. Ji'iirthcr oxidation of the ketonic alcohol produced in 
Stage VI. yields a hydroxy-acid, which, by the action of 
bromine at 190° C., loses six hydrogen atoms, and is converted 
into liydroxy-p-toluic sicid — 


CHa 

OHa 

1 • 

CH, 

(m 

I . 

OH 

■ e 

/ \ 

/ \ 

% 

IlaU CH . OH 

HaO OH . OH 

HO OOH 

1 1 — 

1 J — »■ 

1 II 

ITgC CHs 

HsO OHa 

TIC CH 

\/ 

\/ 


OH 

1 

Oil 

1 

0 

1 


coon 

COOH 


CH^ 
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To sum up the matter, wo may i)oint out that the series 
of reactions |V. to YU. prove tliat the "isopropyl group” 
contains a double bond, which must also lie present in dipcutcne. 
Moreover, since this double bond has persisted throughout the 
whole series of reactions I. to lY., it cannot have been the point 
at which the nitrosyl chloride attached itself, as this portion 
of the molecule has given rise to the — CM. OH — group. 
Further, the iiitroso-group must have attached itself to the 
carbon atom to which the hydroxyl group is attached in the 
aromatic acid, the one next that which carries the methyl 
group. These reaclioiis can only be explained by assuming 
tliat dipentene has the structure which we attributed to it on 
account of its synthesis from terpineol. 

It miglit Ijo objected that we have not taken into account 
the possiliility tliat, in tlio fonnution of di|>enteno, the elimi- 
nation of water from terpineol may t^ke place between two 
nmi-adjaccnl carbon atoms, giving rise to some such compound 
as — 


Oil:, 

I 

(! 

II3O Ull 

I I 

IKJ CU, 


0 

/\ 

CU3 Clf;, 


Any attempt to explain tlie question on these lines leads, 
however, to Impossible rusults, and it may bo taken us proved 
beyond doubt by the above experimental data that the stiucture 
of dipentene is as shown in the annexed formula. This, in 
tiirn, proves the formnlm of doxtro- and hiwo-limonene, for 
as they are the optical antipodes of which dipentene is the 
.racemic variety, they also must possess the same structural 
formula as dipentene — 
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. C 

/%. 

HjO oir 

I I 

11,0 oil, 

4 

oil: oil, 

Dilioiitonu. 


5 . Tkc CuHMihitioiis of T^innulcno mul Tcrinacuc. 


Ill the Isbst scctiuii it was pointed ‘Uit tliat the dohydiiition 
(»f U^rpiiLQoi ini^lit follow either of two courses : the one leading 
to a eomponiid containing an asymmetric carbon atom, the other 
to a symmetrical derivative. The result of dehydration by 
means of acid 2x)ta8sium sulpliate was sliown to be dipentene ; 
but when teriuiieol is dehydrated* by means of alcoholic 
sulphuric acid, an isomeric coiniHUind is formed which has the 
second of the two [)ossible formuhe. Tliis substance is ter- 
piiiolene — 

Cll.. 

I 

C 


ll,C CJl 


llaO cn, 

V 


c 

/\ 

CH3 'CH3 

When terpinolone is treated with acids, it is converted into 
a substance which was originally assumed to be a single hydro- 
carbon, terpiuene ; and for a oonsiderable time the constitution 


' W^looh, Bw., 1879, 12, 1022. 



THE MONO-CYCLIC TERPENES 


39 


of terpincne was one of the ridtllee of organic chemistry. From 
the results o{ his investigations, Wallach * deduces tliat there is 
no such thing as a pure “ terpinene ” ; but that tlio material to 
which this name has been given is a mixluie of three diffei’ent 
clicniical individuals for whidi he proposes the following names 


I 


and furniiilw ^ 

<,'Ha 

1 

II 

n 

n 

1 



1 

a-'IVrpiiicjiU!. 

/y-Terpiiiuiiu. 

1 

0. Tcqdii and Oinrol. 


Call, 

7-Tor]»ini:in!. 


( rrigimi'd ^ and others liavc shown that when Llie esters of 
organic acids imct with orgauo-imiguesium compounds, tertiary 
alcohols can Ijc [iroditcod — 

II 

/ 

lilhMg.I + Il'.COOKt = ll\ 0— OMg.l + KtU.Mg.l 

\ 

\l 

li . li 

/ / 

li'.C - O.Mh.I + *1.0 = K'.U— oil + UO.Mg.l 

\ "i: 


Again, when kefoiies are Irtjated with Urignard's ieageiit,“ 
tertiary alcohols lire formed — 


K ll 

I IV. Mg. I I 

CO > O.Mg.l 

I 

• u 


pr,o 


i 


11 

jr-c~ 


OH 




» Wallach, /iMWfttoi, 1910, 874, 224; 1‘JOG, SCO, 142; Tcrjime una Campher, 
lOOG, pp. 467-81. 

* Grignaid, CM., liKJl, 138, 336. 

> Zelinsky, Bar., 1901, 86, 3950. 
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lOiy and rorkiii ^ liavo oombinod thoso two reactions into 
onu by using a ketonic oster and allowing boph vulnerable 
groups to be attacked sioiultonoously. By this means, from 
cyclo-lioxanone-4-carboxylio ester, they obtained the dihydrio 
alcohol, terjun — 

Clfa 


CO 

U— (ill 

/ \ 

/\ 

llaC CJIa 

1I.(J ClI. 

1 1 

Jfa(J Clla 

1 1 

1U(J (JHa 

\ 

\,' 

Oil 

1 

CK 

1 

0O1 )El. 

1 

(^— on 

CycKiliux»iioiio-l-carljoxyliu uhtur 

\ 

nh (MI„ 

Tor))ii), 

This syiithosis proves the formula 

of terpiii beyond any 

dispute. 

'J'erpiii may ha also obtaiuud by boiling terpiiieol with dilute 

sulphuric acid — 

CIJ;, 

1 

OHa 

1 

(J 

1 

0--OH 

/' ^ 

/\ 

liaC on H ,0 

ly; c'li. 

II ^ 

1 1 

11,0 on. 

1I»C! UH. 

1 \ 

\ /■ 


\/ . 

CAl 

1 

0 - on 

1I--0 

1 

0 — on 

. /\ ■ 

/\ 

on a OHa 

Clla (‘IT, 

Terpiuuol. 

Ciii;tori)in. 


The teri>in which is obtained in cither of these ways is 
collod citf-terpin, from the fact that in its space formula the two 


> Kay and Perkin, T/wu. Soc., 1907, 91, 872. 
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hydroxyl groups lie on the same side of the hexamethyleue ' 
ring, while the isomeric compound, ^mns-terinu, they lie on 
opposite sides of the ring — 


OH 

HO-CrCllab 

Oil;, 

HO -OCCHb), 



OH,v 1 

1 \OTL-CH,/ 1 

1 \CJ1I, 

OH./ 1 

OH;, 

JI 

OH 

ft 


Gis*tcr|iiii. , 'rraiis-lurpiii. 


Cis-terpin unites with one nioluciilc of water to fonn terpiu 
hydrate, a crystalline substance from which it can be regen- 
erated at 100^ C. The ti-ans-isomer does not unite with water 
at oil. • 

Ois-teriiiu ' cannot be diitictly converted into trans-terpiu, 
but the change can be eHectcd by a somewhat roundabout 
method. Tn tho lirst place, cis-torpin is subjected to the action 
of hydrobromic acid, by which means a dibi’cmide is formed. 
As can be seen from its formula, this substance is identical with* 
the hydrobromide of dipentene — 

Oil;, ' 

(; -Br 

• /\ 

IM) UII, 

nJ; on, 
u-o 

C- Hr 

/\ 

CHa CHa 

Dipunlunu clibydrobrumido 
(CiK-torplu dibromido). 

This dibromide is next treated with silver acetate in acetic 
acid solution, and the diocctate so produced is hydrolyzed with 
alcohoUc potash, yielding ^rans-terpin — ^ 
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/\ 

lljO Oils 

---■ -> II — 
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/ * 

Ha«J 01 la 

1 1 

HaO OH 2 

— h 1 1 

lliC Oils 

H«0 OII 2 

llaO OHa 

\ 

\/ 

O-H 

\/ 

(J-H 

(J— H 

1 

llr—C 

1 

01I,(!0.00 

1 

HO — 0 

/\ 

/\ 

/\ , 

OII 3 Oil., 

oils Ollj, 

Oil, CHj 


It slioiilil bu iKilud that wIkmi ci.s-lur|nii is couvcrtod intu its 
(libroiuidc the ])roduct is the < ot‘ dipenteiie dihydrfihro- 

inidu ; wliiie, on the otlier hand, the iction of liydi'ubi’oinic'aeid 
un traiis-teitdii pruduees Uic //‘cr^tx-vaiioty ofdi])eutciie ilihydi'o- 
broinide. Thus the change of cis-torpiu into traus-terpin 
C4iiinot 1)0 carried out thi'uugh the bromides alone, as during 
their Ibrmation no cliange from cis- to trans-form takes place; 
this only oecurs during the hydrolysis of the. acetyl 'derivative. 

When cis-torpiu is dehydi-ated, it yields a variety of 
jiroducts (torpirjco], dii)entcne, Lcri>inuuc, and teriiinoloue), 
among which is found the compound cineol, CioHihO. This 
substojico contains neither a hydi-oxyl nor a carbonyl riulieal, 
jiud must tlierelbi'c bo an etlicr. On this view, its forniation 
from cis-torpin is easily explained — 


(JH3— C- (JH 

/\ 

llgU (Jllo 
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HgO CJfo 
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c— on 
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This formula is supported by the fact that hydrobromic 
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(icid in acetic acid solution converts ciucol into cis-dipenteue 
dibrumidc — » 


CII 3 -C CII 3 -C— Hr 
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/ \ 
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Cih-torpiii iliWroinidea 

•Tim bidiaviour «)i' ciiieul on oxidation with pobissiuni ]Hjr- 

niiin^iiniitc is curious.^ 

The limt cHcct is to bii^ak tlie licxii- 

niethylcue riii", while leaving the ether chain untouched; in 

this way cincolic acid is pD^duced — 
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CII, UII, 

Cincol. 


Cincolic acid. 


Wlion cincolic acid is treated with acetic anhydride it yields 
cineolic anhydride, which, on dry distillation, breaks down 
quantitatively iqjto carbon monoxide, carbon dioxide, and 
methyl-heplcnone, an aliphatic ketone of considerable interest 
from its relations to the terpenes — 

1 Wallach and Oildeineister, Awialen, 1888, 246, 268 ; Wallacb,t&M., 1890, 
25r, 810; Walliu^h and Elkelw, ibid., 1892, »1, 21. 
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Uitiuolic uiihyilridc. 

olliyl-licptonufic. 


. 7. 77fc of Gih > •‘drcuc. 

Until rucciitly, cai'vestruuc could bo obliiiiiod only by a 
very long ami cumplicatiHl .series of I'ouctions; and the con- 
stitiilions of sonic of tlie iiitorniediate coinpounds pitKliiccd 
hod not boon well established, rcrkiu and Tatlursain have 
now succoitded in synthe.siziiig it by a series of rciiotions 
analogous to those employed by I’erkiu in Ids syntliesis of 
terpiiieol. 

The starting-point of tliis new synthesis was 97i-liydroxy- 
bciizoic acid. This was first Feduced«with sodium and alcohol, 
forming hexaliydro-m-liydroxy-bcnzoic acid; from which, by 
o.\idatiou with chromic acid, y-keto-liexahydi’obcuzoic acid (I.) 
was obtained. The ester of this acid reacts with iniignesinm 
methyl iiHlide, giving the lactone of •y-hydroxy-hexahydro-ra- 
toluic acid (IL). When this is heated witli hydrolU'omic acid 
it yields y-bromohexahydiu-m-toluic add (HI.), which on treat- 
ment with pyridine loses hydrobromic acid, and is changed 
into tctmhydro-m-foluic add (IV.). After estoiification, tliis 
is treated with magnesium methyl iodide and water, whereby 
on alcohol (V.) is produced which differs from terpineol in that 
the hydroxyl and methyl groups are in the 1, 3-position to each 
other, while in terpineol they are in the 1, 4-poBition. Just 
as tcipineol, when treated with acid potassium sulphate, loses 

& Perkin and Tattersall, Trans. Ohem. Soe., 1907, 91, 460. 
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water to form dipentene, this new alcohol loses water and forms 
carvcstrene (VI.)— 


CO 

/\ * 

HsC CH2 

H,(!) (IjH.C'OOH 

(I.) 

CII, 


CH, 

cU 


-0 


HgC CHs 

I i i 

H 2 O CH.O 


2V^ u n . OO 

X 

(II.) 

CHa 


C-J?r 

C 

/\ . 

HgC CH 

1 1 

IfaC CH.COOlf 

X. 

(TII.) 

CFla 

1 1 

IT 2 C CH . COOH 

X. 

(IV.) 

OH, 

1 

i 

HjO CH CH, 

1 J. / ■ 
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1 
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/\ 

n,C CH CH, 

1 1 ^ 
n,c CH— c 

^iH, \h, 

(VI.) 

Though' since the discovery 

of tills new synthesis the old 


way of preparing carvestreuo has lost its value os a practical 
method, we may give a very briof description of it here on 
account of one transition which occurs in the course of the 
reactions. The starting-point for the old synthesis was the* 
Substance carvoue; which we have already encountered. Now, 
as can be scon from the formuls of tlie two substance^ to 
convert, carvone into carvestrano we must shift the isopropylene 
group from one carbon atom to the adjacent' one. How^is is 
done will be seen in due course. 
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UaC^^IC * Oil 

\/ 

HaC CII-C 

OH 

1 

i 

Clfa CIT; 

. 

OarvcHtrono. 


(HTa CTfo 


Carvoiio. 


(^irvono is iirst. redunod with zinc dust and ahudiolic jiotash 
to diliydrocarvonc ; hydifibroinic ao.id is thou added on, giviiic; 
diliydrocarvnnc hydrohromhlc * — 


CHa 

A 

HaC 00 

I I 

lljC CHa 

V 


0-lh- • 

/\ 

CHs Cifa 


iVow, when this siihslaiicu is treated witli alcoholic potasli it 

• 

* Whon a lialogon acid ia added on to the double lx>nd of an anaaturated 
substance, the negative part (i.**., the halogen atom) always unites with that 
carbon atom to which the femai hydrogen atoms are attached. For example, 
In the case given below the compound formed by the addition of livdrobromio 
oeid to (I.) is (II.) and not (II 1.). 

(IH, Clljllr OH, 

C = Oil, (j-CH, '‘oif-CII.Br 


oil, CU, C^H, 

(I.) (H.) (TIL) 

This* is called the Markownikoil Rule ” (0cr., 18C9, 2, 6G0 ; An?ialen, 
1870, 168, 260). Ck)mpare, however, Guy, J. 4mer. Chtm. Roc., 1920, 42, 608. 
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gives Up hydrubromic acid, but instead of regenerating a carvone 
derivative it yields a new ketone, carono. Since on oxidation 
carono yields*!, l-dimethyl-2, 3-tritaethyleuc dicarboxylic acid 
(carouic acid), it must contain a triinethyleiie ring. The 
simplest way in which tills can be explained is to assume that 
Cinuiie has eitliet* of the foriiiulie (1.) and (11.) 


CHa 

1 

on, 

1 

on 

1 1 

Oil 

HaO^ 00 

1 I 

II-O OH 

\/ : 

OH Oils 

0 

1 1 

HO Oils 

I OH 
' / 

1/ 

OH3-O 

Olla 

(1.) 

1 

OH3 

(11.) 

The iirst of these Ibrniuhe is the one usually ascribed to 
carouc. Wo cannot cuter into 11 le details of the evidence 
hero. 

When cai'one is allowed to react with hydroxylainine it 
forms the substance ciiroiie oxime, which, f»n reduction, jiro- 
duccs the aniino-compoiiiiil carylaiiiiiie — 

CH;, 

1 

OH3 

1 

()ir . 

irl(J C:NOH 

OH 

/ \ 

}\Jl OlI.NHo 

1 1 ^ 
llaO OFT 

\ \ 

OH — - 0 ( 0113)8 

Uaro«o oxime. 

1 1 

HaO on 

^ 0 ( 0 H 3)2 ' 

Carylaiiiino, 

When this body is treated with alcoholic acid it undeigoes 
isomeric change, and is converted into the hydrochloride of 
vestrylamino, the trimethylene ring being now broken. By 
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this means we have transferred tiie isopropylene group from 
one carbon atom to the other. 

(JHa 

(Ijh . 

H,C^ ^H.Nir* 

CH* 

Had CH— 

\if* Oh* 

VeBtrylaminc. 

Vcstrylamine hydroclilorido, on dry distiUation, breaks do\7n 
into carvosti'ono by loss of ammonium cl loride — 

CioH,7.NIIa.IICl = CxoHio + NH4CI 

Corvostrone is a racemic compound, the dextro-antipodo of 
which is found in nature as sylvestronc.^ Tlic latter has 
been synthesized by Perkin.^ 


CHa 

I 

CH 

11, \n.NH, 
U,<!! CH 

CH— ^CH,), 

CArylcuniuo. 


HGl 


N 8. Tht Synthesis of Mmthone. 

m 

Though menthone had been synthesized in dilTorent ways 
by Kinhorn and Kluges,^ Kotz and Hesse ^ and Hallei* and 
Martme,'^ none of those methods famished any proof of the 
constitution of the substance. It was uot until 1907 that 
syntlietic evidence was obtained upon this point. 

Kiitz and Schwarz " first synthesized jtl-methyl-a'-isopropyl- 
pimelic acid, and by the distillation of its calcium salt ^ey 
produced menthone — 


' Baeyer, Ber., 1894, 87, 8485. • 

» Perkin, Proe., 1910, 6, 97. 

■ Einhorn and Klagoa, Ber., 1901, 84, .8798. 

• Euta and Heoso, Awnalent 1906, 848, 300. 

• Haller and Ifartlne, C,B„ 1906, 140, 130. 

• K5ta and Sobwars AnntOen, 1907, 867, 206. 
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Oils 

OH, 

1 

1 

. OH 

1 

OH 

H,CJ ^’H,.COO 

/ \ 
H,0 OH 

1 1 

11,0 * OOO Oil 

1 1 

Hgi; 00 

\/ 

\ / 

OH 

A,ir, 

oil 

1 

C31I7 

Cttlcium S-Metliyl-a'-isopropyl-piiuoltttu. 

^lojiUiouo. 


A similai' result is obtained by making the ester of this 
acid undergo iiitrainolecnlar acetoacctic ester condensation by 
means of sodium, and thou liydrolysing tlie ester thus obtained 
and. splitting oil' carbon dioxide in the usual way — ' 


Clla 

CII 

/ \ 

IlaC OII.,.C()()Kt 


llaC COOKl 

V 

0air7 




CHa 


on 

' \ 


UgO 


OII.O(X)lfit 

Jo -- 


Y 

(lu, 


CH 
/ \ 

11,0 OH.COOH 

I I 

11,0 00 


V 

A,!!, 


OW, 

I 

OH 

u,c^ 
u,A (lo 

V 

0 , 11 , 


By taieans of this synthetic method, Kotz and Schwarz have 
produced an active menthone which is strongly dextro-rotatory. 
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0. Ths Dee<mpodti(m of 

Jiofuit) the discovery of the syntheses which wo have just 
described, it had not been possible to show synthetically that 
the methyl and isopropyl radicles in monthouo lay in the 
pura-positioii to each other. The evidence for this had, 
however, been obtained from the decomposition reactions of 
menthuiie. 

Wlicii iiicnthone is oxidized by means of potassium perman- 
ganate, the first product is hydroxymonthylic acid,^ which, on 
i'mthcr oxidation, is converted into /j-mothyl-adipic acid — 


Clfa 

1 

Clla 

1 

CJI3 

CH 

./' 

II.C CIL 

CH 

/ \ 

llaC C11.J 

ill 

JI3C dig 

“ I j " 

(X) 

1 

1 1 

HaO OOOH 

\o 

1 1 

HgC COOH 

\oOTI 

CflliT Calli 

Mtiiilliuuu. llydruxyiiiviiiliyliu oi'id. 

S’Alolliyl-udipic ouid. 

TJiese substances could bo ibnued only if tJic isopi'o]>yl and 
inetliyl radicles weic in the pai'a-p^ition to each othei'; for 
if we take them in any uihur position, as shown below, the 
I'csulliiig produebs are not the same — 

CJJI3 

CII3 

CII3 

1 

CH 

1 

CH 

^O.CgTL, 

1 

ClI 
/ \ 

IlgC COOH 

UgU do 
\'i[g 

1 

IlgO COOH 

Kcto>aCid. 

HgC COOH 

V 

a-Methyl-ttdipic auid. 


iVgaiii, the .action of phosphuriis pcutochlorido on monthone 


'■ Aitb, Ann. Vhitn. rivys., 1666, VI., 7, 133; Beukinann and Mehrltiiider, 
Annalent 1896, 889 , 867. 
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gives a dichloro-tctrahydro-cymcuo/ which, by successive tmt- 
ment with brouiinc and quinoline, produces a chlorocymcno ^ 
of tlic oonstitufioii — 


CH 3 

0 

/% 

HC C\{ 

II I 

HO (J.O 

\ / 

(J 


10, The Hf/iUlicsifi (nul CoiiK/UitliuiiN of Mt'iithol and 
Mciithcm. 

Montliol is the alcohol cori^spondiug to lucrithonu, from 
which it can be prepiirod by itiduclioii. Since we have 
eslablished tluil menthone is (f.) it is obvious ihal ineiithoL 
must bo (II.) - 


OH 3 

I 

OH 

HaO OH, 

I I 

IfoO 00 

\ / • 

• oil 


CgHv 

( 1 .) 


Oils 

I 

OH 

/ \ 

IL.0 OHjj 

“I I 

HaO OHOH 


IJ3H7 

(II.) 


Now, when we dehydiute menthol, a hydrocai'bon, 
d-mentliene, is Ibruied. This might be cither (A) or (li), since 
we can siqqiosc that water is removed in oitlicr of two ways — 


* Borkenhoim, Ber.^ 18'J2, 26, 6'Jl. 

* Jangcr and Klages, Ucr.^ ISCG, 29, 314. 
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Clla 

1 

(Jlla 

1 

cn 

1 

(’ll ' 

\ 

/ \ 

HgC (Jllg 

H,U Cll 

1 1 

1 jl 

ii..(! i;jr 

1I3C 611 


\ / 

c 

Cll 

1 

C3II, 

j 

C3II, 

(A.) 

(B.) 


The decision hcLweeu the two iV)rmiil;c ctiu be made by the 
aid of the evidence of the oxidation products of nienthone.^ 
When the mciiiheue obtained fi'oin menthol is oxidized with 
lK)liissiiiin iieriiianganute solution, the first product is a ^dycol, 
which, according to roriuuhi (A), would have the constitution — 

CII3 

in 

II.C 

C-Oll 


Further oxidation yields a ketone-:dcohol, then hydimy- 
lueiithylic acid, and finally /j-methjl-adipic acid — 


oiu 

1 

OH., 

1 

CHg 

1 

1 

on 

I 

CH 

CH 

/ \ 


/ \ 

llgC dig 

HaO OH^ 

HaO CHa 

1 1 — 

1 1 — 

> 1 1 

HgC. CO 

HgC oooir 

TfaC COOH 

\/ 

\ 

\ 

C-011 

00 

00011 

j 

CgH, 

Kotoue alcobol. 

I 

OsH, 

Hydroxymoutb/lio acid. 

/9-Mothyl^pio odd. 


* Wa^iuor, Her., 1694, 27, 1639. 
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This is in agreement with the experimental results ; but if, 
cm the other hand, we start from the second possible formula 
for menthene, the oxidation products would not be those found 
in practice, but would be the compounds shown below— 


t 


CHs 

1 

OHs 

1 

(JHa 

1 

in 

CH. 


/ \ 

IT,0 Oil 

/ \ 

ir,(/ ^oori 

IfaC CJirOlT 

H,C Oil 

HaC OHOTI 

lUi) COOK 

\ 

\ / 

\ / 

OH 

Cll 

cu 

I 

I 

U 3 H 7 

1 

0,117 


Thus the consti 111 lion of incnthone must be— 





11,0 on 


0 


C,u, 


This has been confirmed by Wallacli’s recent synthesis of 
menthene,^ in wliich he chooses as his Rtarting-point 1 , 4 -incthyl- 
cyclohexanonc (I.). This he condenses with a-bromo-isobutyric 
ester by means of zinc, forming (II.); and then, by hydrolysis 
and heating, causes the acid to lose carbon dioxide and become 
converted into an*aloohol which, on boiling with sul- 

phuric acid, loses water and yields menthene — 


> Wallaoh, 77fr., 1900, 80, 0604. 
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KzO' OHz 

I I 

JliO CUz 



(I.) 


CHj 


OH 
/ \ 

HsjO OH, 
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^ ij; oTiz 

\ / 



\ / 

/•\ 

(0Ha)20 OH 



(JOOKt 

(II.) 


(Ufa 

1 

CH;, 

1 

1 

c;]r 

(;h 


* \ 

llaCJ m 

1 i - 

\\M Olfj 

■■■■-» 1 1 
Tl,.(l (!H 

\ 

N * 

\ 

0 

C 

(0113)2011 OH 

1 

on 


\jrj 


( 111 .) 


(IV.) 

AJoiitlioiic. 


• 11. 77 /r OovMifntion of Puhymir, 

Till} Inst cumpouiifl of tho meiitliono ^'roup with which wo 
jicud deal is tho imsatiirated ketone piilegoiio. 

Tf'a kctonu contains a double bond in tho rf/')-position to the 
carbonyl group, hydroxylamine may react with it in two ways ; 
forming an oxiino in the one case, and in the other attaching 
itself to the double bond to give a hydroxy lamino denvative. 
For instance, in the case of mesityl oxide, we may liave cither 
mesityl oxime or diacetone-liydrexylamine produced — 
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CHs.CrNOH 

CHa.CO 
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. OH 

1 

OH2 

0 

C. Nil. OH 


/\ 

OHJ Clla 

CHs (iH, 

Mesityl oximo. 

Diacotijiic-Iiydroxylainiiio 


Now, since ])u1ogono shows a similar behaviour, forming; 
either an oxime or a hydroxylaminc derivative, the prcsuiiip- 
tion is that it also is a ketone with an uusaturatiHl in 
the rf/3-position to tlie carbonyl radical. 

A^ii, pnlep;one on induction is converted into mentliono, 
so that it must contain the skeleton — 
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And 

since wo 

have ion nil tliat it has tlu 

\ ])rnpcrties of an rij 

inisatiiratcd ketone it can have only three 

possilile fomudu, — 
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The evidence which enables us to choose Ijetween those 
three has been supplied by Wallach,i who has shown that 
Avlion pulegone is heated under pressure with water or anhy- 
drous formic acid it undergoes decomposition into acetone and 
methyl-cydohexanono. Since this reaction can Ije explained 
by Formula A alone, it is obvious that pulogone must have 
tliat constitution. The break-down may be formulated in the 
way indicated lielow — 

CTlg 

Had 

I I Yic>ld» niolhyI>nyi‘lu1io\ntiimo 

Iljjd (JO 

(/ If. 

II . 

(J 0 YicIdH acptono 

/\ 

Olfa Cl fa 

' Wnlincii. AnnaU'tu, ISiXi, 289, 337. 



CHAPTER III 

THE DICYCLTO TRRPENE» 

A.— The Oamtiienr-Uornylene Giioui* 

f 

. 1. SiirUhcMit of Camphoric Acitl. 

In tho series of dicyclic torpencs which we are about to describe 
tlioie are three important classes of substances. One group is 
derived from tlio hydrocarbon campheno, another from feuchouOp 
and a third from pineno. Of these by far tho most important 
is the camphene group, with which we shall deal first. The 
central substance of this group is tho compound camphor. 
CioHifflO ; but in order to prove tho constitution of this body it 
will bo necessary to proceed step by step, and in the first place 
to prove the constitution of camphoric acid, which is obtained 
from camphor by oxidation. 

Komppa 1 and, latci', Perkin and Thorpe * Ivavc synthcsizeil 
camphoric odd. Wo may deal with both of these syntheses, 
beginning with the metliod Employed by Komppa. 

In this synthesis, tho starting materials arc oxalic ester and 
/3^)-diiiiethyl-glutaric ester. These are condensed together with 
sodium ethylate in tho usual way, producing diketoapocam- 
phorio ester — • 


COOKt HicU.COOKt 

CO cir COOEt 

1 

- SEtOH 1 1 

CHj.t'.OH, 

> CHa—C— CHs 

COOEt li.ClI.OOOEt 

CO - 6H COOEt 

• 

Dlkotoapooamphorlo oator. 


This was then methylated by moans of sodium and methyl 
iodide^giving dikctocamphoiio ester — 


> Komppa, Ber., IflOB, 36, 4332; AfuuOen, 1909, 368, 120; 870, 209. 
’ Poikin and Thorpe, Trans. Chem. Noc., 1906, 89, 796. 
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CO— ^ OH— COOEt 

OH,— i— OH, 

00 i OOOEt 

I t 

OH, 

It is obvious th«afc, sinco the formula is symmotrical, it 
makas no difTcrLUicc wbioh hydrogen atom is replaced by the 
methyl group ; th(i ond-product in each ciiso is the same. 

Tliis dik(!to-cster was dissolved in sodium carbonate solu- 
tion and then treated with sodium amalgam in a stream of 
cai'bon dioxide; by bins means the two carbonyl groups were 
reduced, and dibydroxy camphoric acid W'os formed, the ester 
lieing hydrolystid by tlie alkaline solution — 

CII(OTI) CH — coon 

Clla-- C- Glia 

(;H(()1I) C cooil 

I 

Oils 

J )ihy<lr(i\yc\Hiiphnrii* iwiil 

On boiling this substance with hydriodic acid in prosence of 
rod phosphorus, it is cojivcrtoil into didiydnicamphoric iicid, 
which may have cither of the c^mstitutions sliowii below- 

cn (J - COOTl CM CM- (;0OM 

nit;,— 0— on, nil, -tj-nii, 

1 • I 

CH, n- - nnoii nil n— icooii 

<1h, (Ih, 

UchydrcNiamplioric iiviil. 

The constitution of this acid is of no importance, however, 
as the next two stops in the synthesis will yield the same final 
product from either of the two (vcids formulated above. The 
dehydrocamphoric acid is licatcd with hydrobromic^ acid in 
acetic acid solution to 125^ G., whereby it is convert^ into a 
bromo-acid, which is then induced with /inc dust and ac4)tic 



THE DICYCLIC TERPENES 


59 


acid to a substance which is identical with ordinary racemic 
camphoric acid — 

Br . OH — — OH--C()OH CIL CH— COOH 


CIIj-i-CHa 

On. (!) — coon 


a-i-C 


CII, 

JiroinO'Ocid. 


OH 3 -O-CH 3 

on* c — COOH 

I 

CHj 

Kocomir camphoric acid. 


It will be seen at once that the e.vact constitution of the 
dehydrocaiiiphoric acid is of no gimt iiniK)rtanco, ns tho posi- 
tion of tlie bromine atom in thci hromo-acid does not aflbct the 
constitution of tlic final camphoric acid. 

Tlie syntliesis of Perkin and Thoipe starts from tri- 
iiidhyl-l, 2, 2-hronio-l-cyclopentano carboxylic estoi’, wliich is 
shaken with a mixlnro of iH>taMsiuiii cyanide and hydrocyanic 
acid solutions. I'ho rosultin;:' snhstanee is heated and then 
boiled with acetic anhydride, whei'eby racemic camphoric 
anhydride is formed. 


011a Oil— OOOKt 
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K(!.V 

( 

Jlla 

-OH-OOOH 

1 

OJIa-CJ—OH., 

1 

— — > 
ri,() 


0II3- 

-(J— OH, 

1 

Olfa (!--- I!r 

1 

OH;, 


on. 

0 (lOOTf 


TriinotiliyMiroiuo-cycloiHmL'iiic oarlKixylir Chler. C'!iiii|>Ii(irir :vf'id. 


One ]K‘cnliarity of camphoric acid may be }M>inted out 
here. An cxainiiiatioii of tlie formula shows tliat campliorie 
acid has two asymmetric carbon atoms in its ring — these are 
distinguished by asterisks in the following formula:— 


(JII 2 OH— (jOOir 

Olls-O— (HI3 

* •! 

i)\h 0* O’OOH 

ill, 


Now, when we attempt to racemize dextro-camphoric acid by 
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any of the usual iiicthodB, it is found that instead of producing 
on cqniiiiolecular mixture of dextro- and lievo-camphorio acids 
we obtain merely a mixture of dextro-camphofic acid with 
a new substance, IflDvo-tso-oamphoric acid. From this bc- 
liaviour of camphoric acid it is deduced tliat instead of both 
asymmetric carbon atoms in tho dextro-ocul ^)eing inverted 
(whioli would give us the miiror-imago laivo-camphoric) only 
one is altered ; so tliat half the inolcciilo remains as it was. 
TIjc chaiigf) from rf-camphoric to /-is^)cainphoric would be 
rejineseiited Unis — 


(JHa 


CH, 

/ 

- C 

|\, 

oooir 


((jlla). : ^ 


Clijr (J 


II 
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\ 


«/ Cainpluirir aoid. 


COOT I 


on, 

UTtj! ({ 

I \50()n 
■ (l!ir8)2:0 

' coon 

i 1/ 

CH, C 

\ 

It 

/-/Mioaniphorio acid 


2. Huf. Syiitheitix of Camphw. 


Fiom synthetic camphoric acid *wc can obtain camphor 
itself by the following method. Wlion oamplioric anhydride 
is IroiilAsd with sodium amalgam it is reduced to canipliolido,’ 
the itiaction being analogous to the production of phtiialide 


from pbthalic acid — 
dig- (3H- CO 

I \ 

CJH;,— C--CIl« 0 

, I / 

CHss C - CO 

cir. 

Camphoric iiiihydrido. 


A 

Clla- CTT ViU 

I \ 

CTfa— C-Clla C) 

oil, d cd 

• I 

oir, 

Uampbolido. 


> Tfallor, null soc. chim., 1696, 15, 7. 984; Forster, Trans, Chem. 

Soe., L69G, 69, 36. 
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Oampholido, on treatinont with potassium cyanide, produces 
,a nitrilo-salt, which, on hydrolysis, gives homocamphuric acid ; ^ 
this action i& exactly like that which produces homophthalic 
aold from phthalide — 

OHa CH| Olli Clio Cl{ CHaCN 


OM>i — Clfi Ollj, 

' “ 1 \ 

j 'CHs— (J - OH3 ^.) 

CIU C CO 

I 

cir, 

0113 


CJlj-U-OIfa 

I'llj - -[) OOOK 

01I» 

Nilrilu-Hult. 

Cll — -ClLCt)OII 


1 Cl{, U CHa 

rih, - - i: - coon 
I 

CII 3 

liumoaoiupborio ncid. 

Fiom this homocamphorio ivcid it is cosy to piixliico i*.aiuphor‘ 
itself by distilling the hnul ur calcium salt of the acid — 

Oils- CH-CJL.COO Clla CM -Clfa 

I I -c»m, I I 

CHj- O--CII 3 Oa ». CHg— C— CII 3 


OIL -O C(>0 


OIL 0. 


This synthesis uoiifiriiis the camphor formula which was 
put forward in 1803 by Bredt.^ 


3. JJwmeol and Camphane. 

When camphor is .reduced by means of sodium and alcohol* 
it yields a secondary alcohol, borneol, which has the formula — 

' Haller and BlanS, Con^. fiefKl.,1900, 180, 87G. 
a Ualler, rend., 1696, 188, 446; Brodi aiid Ruacaborg, Annalen, 

1886, 880. 

> Brodt, Bar., 1898, 86, 3047. 

* Jackson and Mencko, ili». Clum, J., 1883, 0, 970; NVallaoh, "^dmialen 
1886, 880, 225. 
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(!JI, Oir Olf. 


OJfj— C -CHs 
OH, 6 


k 


CIl.OH 


OJIa 
J3oniL*ol. 


Tills iilcohul ucciii'S in dcxtro- and li'evo-ibrnis, either of 
wliich may be obtained at will by reducing the coiTespoiidiiifr 
dcxtro- or hnvo-camphor. llurneol is not tlie only product of 
this reaction, however, as at tlie same time a small ipiantity of 
un isomeric isoboriieol * is produced, wliose constitution is not 
yet definitely proved. 

The liydroxyl imlicle in b(»rneol can bo replaced by a 
lialogcu atom in the usual way,* and if the horny L iodide thus 
formed bo reduced by means of /.inc du.S’<, acetic and hydriodie 
acids,^ a hydi'ocarbon camphane is produced, which is the root- 
substance of the cam^ihor series. It luis the formula — 


Clfa (’ll 

I 

Cl la C— ClI., 

I 

CJIm -c 

I 

CII3 • 

I'tUlipbano. 


CIT2 

(JHa 


4. I font ij ft’ nr. • 

When boniyl iodide is heated with alcoliolic potash to 170“* 
it is converted into an uiisatumted substance by the loss of a 
molecule of a halogen acid." Tliis coniiKiuud, boruyleue, on 
oxidation yields camphoric acid. 

' Montgoliior, (Jumpl. remL, 1870, W, 101 ; Hallor, ibid., 1887, 105, 

• In xiruotico, liowuVur, boniyl io(l^ is UHUolly preparod by the action of 
liydrioilic a<iid on piiiouo, uh the yio]d4 from boruool are vory poor. 

* AHchiui, Her., 1000, 38, 1006. 

’ Wagner and Brickner, Her., 1900, 88, 8121. 
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CH j CIH CHg CHg CH CHj 


CJla— C— «}£8 


CH3-C-CII3 

I 


OHjj C-- - OJfOH CHa C - ---CH.I 

* ^ ill, 

Bornyl iodido. 


CH 3 

UoriuK)!. 


ClI, -UH Oil 


JH 3 --C--C 1 H 3 : > 


oil:; oil 


oooii 


OH 

OIL 0 


OIL 


oils 

1-jorii) lone. 


nij-o oil, 

Olla - 0 OOOJl 

oil, 

Ciiiiii>horic M'iil. 


Horiiyluiic tlK'rafdrc Lu.s llie structui'o sliowu above. 


5 . 77 m ‘ Dceovijitmlioii PmluclH of <Jainitlwi\ 

Let us now return tu the [n*oblein ol* camphor. The must 
vulnerable iKiint in tlie camphor molecule Is the carbonyl j^ioup 
and the :idjacunt metliyleiio radicle. Thu rin^' at this point is 
so easily attacked that it may be brikeii )iy u .simple liydiidytic 
leaction. AViieii cajiiplior is heated with sodium and xylene 
to a temperatiii'e oi' 280 ° C., the ring opens; and when the 
I'caction mixtui-e is pouroil into water, the sodium .salt of 

;ii 8 - oil - 0 JI 3 

0 JI 3 — d— Olla 

1 I 4 d - OOOII 

01 I 3 

Coiuxiliolio ttoid. 

Tlie same acid has been obtained by Haller and Blanc ^ from 
campholidc, a method of synthesis wliieh establislies the consti- 
tution of the substance beyond doubt — 

Maliu, Aniuden, 18C8, 146, SOI; Knohlor, 1872, 162, 252. 

* HoUor aud Blanc, Oam,pt. rml., lUOO, 180, 87C. 


canipliolic acid ‘ is formeil— 
OHjs Oil CUa 

CH3— C— OJI3 




0 

Clla 

Camphor, 


00 


C 


0 
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CO (Jn, OTTjillr CH» 

/ +4H / \ . liur ^ JIH / 

( hH|| O — > CbHii O - > CbHu r-> CbHib 

UO CO 'boon t!OOH 

Ciunphoric anhydrido. Compholido. JSroniouiun|pholic Catholic 


Now, when caiiipholic acid is oxidized with nitric acid, the 
newly formed methyl j^'oup is oxidized to carboxyl, and 
('amphoric acid is formed — 


Cllg- - - Oil Oils 

Clla-O-Olla 

01 la 0 coon 

I 

rHj 

Cuinpliuliu tiuid. 


oHa . on — oooH 

(nr^f-o—cjiia 

(Mia (' coon 
I 

on., 

Uiuiiphuric acid. 


Further action of nitric acid u])on the latter substance 
gives iise to oamphauic acid, which is oxidized in its turn to 
oniiiphoronic acid— 


0J4 - — on — oocni oh« 


Oils -0— Oil;, 


C (JOOll 

' o 


on«- 


on. 


I 


OHp • 0 000 1 r Olfa (J 0( ) 


Olla 

Caiiipboru: ouid. 


OTI3 

Caniphaoic acid. 

00011 f;oou 


CH,— C -ClI, 

0Hji (j — cooH 

(liH,' 

painphorouio aqrd. 


The constitution of camphanic acid ^ is proved by tho foot 

^ Boylior, •• Diasertatiop,” Leipzig, 1891; Bredt, Ber., 1694, SI, 2097; 
Lapworth and Leutou, Trans. Chem. Soe., 1902, 81, 17. 
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that it can be obtained fiom bromooamphoric anhydride by 
boiling with water — 


OHs C-! CO 

|\ \ 

CH,-C-CH, 0 

OH. do 


CH, C COOU 


CHs— C— OHj 0 


-C CO 


Cir, Clla 

Bromocamphorio anhydride. Gamphauio uoid. 

The constitution of camphoronic aciil was established by the 
synthesis of Porkiu and Thorpe.^ These authors first propured 
/ 3 -hydroxy-trimethyl-glutaric ester by tho action of zinc upon 
a mixture of acotoacutic ester tmd a-bromo-isobutyric ester, or 
upon a mixture of dimetliyl-acetoacetic ester and moupbrom- 
acotic ester — 

(CH3)2C.llr CO CHj 

(liOOE (IjH, <!!OOfi\i(CU,),0 C(OH)-CH, 

/'I I I 

OOOB OH, COOK 
(0113)20 CO lJr.CH2 , ' j 8 .Ilydroxytrimothylglutaric oHter. 

I I ^ 

COOK CHs COOK 

By replacing tho hydroxyl group first with chlorine and then 
by cyanogen tliey obtoiudd the nitrile ester of camphoronic 
acid, from which the acid itself was produced by hydrolysis— 

(CHs)2C C(0H8)-CH2 (ClhhO C(CH8)-0H2 


COOK ON • COOK COOH CUOH COOH 

Camphoronic nitrile. Camphoronic acid. 

When camphoronic acid is heated to above 135 ° C., it loses 
water and is converted into unhydrocamphoronio acid, GgUuOc. 
By broininating the cliloride of this acid, two isomeric bromo- 
anhydrocamphoroiiic chlorides are produced, one of which, when 
boiled with water, *gives the lactone of an unstable liydroxy- 
camphoronic acid (camphoraiiic acid), while tho other yields 
stable hydroxycamphoronic acid. Camphoraiiic acid, when 


^ Porkin and Thorpe, Trans, Ch§m, SOc^t 1897, 71, 11G9. 
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fused witli potash, breaks down into oxalic and trimethyl- 
succinic acids.' These changes may bo expressed thus — 


COOH COOH 

I I 

OH,-C CH, 

CH,— CH, — 


COOH ' COOH 

CH,— C Jh 

I ' • 

CH,— C— Oil, 


COOH 

Gamphoroiiio acid. 


CO - -- --() 

Oaniphoranic acid. 


COOH COOH 

OH,— ill COOH 

1 

» Cllr-C— CH, 

COOH 

Trimothylflocciitio and oxalic acids. 


, 6. Cmtvplwm, 

Cauipheuc, CjoHjo, is a liydrocarbon isomeric with boniyl- 
cno ; but its constitution is still one of the enigmas of organic 
chcmistiy. It would occupy too iimch space wore we lo weigh 
the pros and cons of all the forinnkc whicli have been proposed 
for tlie compound ; and in the present section we can do little 
more Uiaii indicate the difficulties with which the problem is 
surrounded.^ 

In the first place, we may give two of the mctliods by 
wliich tlic hydrociirbon can be produced,* as these show how 
complex the question is, even in its earliest stages. ^ 

Berthelot" prepiired it by heating pinene hydrochloride or 
hydrobromide with sodium stearate to 200^-220'’ C. Wallach ^ 

1 Brodt, Aiinalen, 1898, 889, 160. 

* For recent discuHsions of comphone's stractore see Aschon, Awnalmj 1 910, 
S76, 336; Lipp, idtif., 1911, 888, 266; Henderson and |Ioilbron, Trans., 1911, 
80, 1901. 

* Crude “ camphene " appears to contain materials other than pure cam- 
phene (Aschau, An/nalen, 1910, 376, 336). 

* }3ortheIot, Oompi. rend., 1862, 66, 496. 

• « WaUaoh, Anndlcn, 1885, 880, 233, 239. 
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obtained it by dehydrating borneol with potassium bisulphatc 
at 200® C. or by heating boriiyl chloride with aniline. We 
already know that bornyleuo contains the skeleton (I.), and as 
we shdl see later tlie pincne molecule contains the skeleton (II.), 

C C C 

I I 
c-c— i; 




c 

( 1 .) 

so that even at this stiige some intramolecular change must bo 
assumed during tlie formation of camphcnc from one of otlier 
of tliosc groupings. Once the camphene skeleton is formed, 
it is extremely stable. Those reagents which usually produce 
intramolecular reiirrangement act u)>i)u it only at high tern- 
{)erati]re8, and tlieii' eilbet is to bring about deep-seated changes 
in its structure. 

When camphene is treated with bi'oiniiie, tlie first reaction 
appears to be an addition of one molecule of the halogen ; but 
this is immediately followed by a separation of liydrubromic 
acid, leaving a mono-bromocampliene.^ By further action of 
bromine or by bromiiiating camphene in ligroin solution at 
- 10 ' C., a halogen additiofl product, camphene dibromide, is 
obtained wliich has the composition CioHx 6 Br 2 . A tribromide, 
CioHieBi'a has also been obtained, whicli is probably formed 
partly by substitution and partly by addition. 

Concentrated nitrie acid forms witli camphene an addition 
product coiftaining eipiimolecuhir qiumtities of the two nt- 
agents.” 

Hydroi^hloric acid acts upon camphene giving the chloride 
of an alcohol, isoborueol; whilst a mixture of sulphuric acid 
and acetic acid produces with campliene the acetate of the same 
alcohol.'^ • • 

* WaUach, Annalen, 1885, 280, 233. 

‘‘lieychlar, Ber., 1896, 89 , 900. 

* liouvoault. Bull. 8 OC. cJiim., 1900, (8), 88, 683. 

* l^ertiram and Wahlliauui, •/. pr. 1894, (2), 48 , H. 
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J3y tlio {icMon of iiaHceiit nitrous acid upon camphene/ three 
comiiounds are simultaneously formed : camphene iiitrouitrosite, 
C,oliifl(NOa)a . NO ; campheno nitrositc, CioHio' . (NOj) . NO ; 
and caiii])heiiylnitritc, Ciollir. . O . N : 0. When the last com- 
pound is healed witli potassium hydroxide splutiou it yields 
a ketone, camphcnilone, CyHuO ; whilst on reduction it pro- 
duces campheuilan aldehyde, CyHie . CHO. The same alde- 
hyde is formed from campliene by the action of chromyl 
chloride and hydrolysis with water.^ 

Oxidation of campheno with alkaline permanganate ‘ pro- 
duces an 80 per cent, yield of camplienic acid. 

When nitric acid^ is substituted for permanganate, the 
first product isolated is camplioic acid, a tribasic acid wliich 
on heating loses carbon dioxide and produces apocamphoric 
acid. This niaction recalls the behaviour of iiialonic acid ; and 
the constitution of ciimphoic acid is tli<‘rcfore assumed to be 
that which is shown below i — 

OH, OH COOH 

00 . 

— » Clf, -C— OH, 

OH, - OH OOOH 

ApocoBiphoiio acid. 

Camphoic acid is also obtained by the oxidation of dihydro- 
campheno.^ 

Henderson and Sutherland^ obtained, among the oxidation 
products of camphene, iso-camphonilau aldehyde (supposed to 
be a stereoisomer of camphenilan aldehyde), camphenilone, and 
an acid CioUifiOa, isomeric with iso-CBiupheuilanic acid, into 
which it is transformed by heating wiUi acetic anhydride. 
When acted upon by chromic acid, camphene is converted into 

> Jagelki. A;r., 1899, 82, ISOL 

* Brodt and Jagelki, AwndUn, 1900, 810, 112. 

' Haworth and King, TraaM,^ 1012, 101, 1976. 

* Marsh and Gardner, Trana^ 1691, 00, 64; 1896, 00, 74. 

* liipp, .dnnolflfi, 1911, 888 , 265. 

* 'Henderson and Sutherland, 2 Vwm., 1911, 08, 1689. 


CH, OH COOH 

OH, -A Clla 

on, — 0 COOH 

Aooh 

Camphoic acid. 
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camphor.^ The ozonide of camphene yields on decomposition 
formaldehyde, camplienilono, and dimethyl-iiorcampholide. 

Finally, Henderson and Tollook’^ have shown that when 
camphene is rednoed by Sabatier and Sondorons* method it 
yields, not oamphane, but an isomeric hydrocarbon. 

We must now see how far this evidence takes us. 

In the first place, it is clear that the syntheses of camphene 
throw no great light upon its constitution. Either the pro- 
duction of camphene from borneol or its formation from 
pinene hydrochloride must entail a molecular rearrangement, 
since these substances do not contain the same skeleton ; and 
it is not impossible that both reactions are attended by 
inti'amolecular change. 

The reaction between camphene and bromine brings us a 
stage further. Ethyleno derivatives sometimes react. in this* 
way) when at least one of the carbon atoms joined by the 
double bond carries a hydrogen atom. Further, the ready 
action of the halogen in the case of camphene leads to the 
conclusion that it probably contains some grouping such as 
Ka : C : GHg or Ba : 0 : CHR; since these are more readily 
attacked than the parent hydrocarbon. The possibility that 
the action of bromine is due to tho prcsonce of an ’easily- 
opened polymcthylene ring in the camphene structure appears 
to be negatived by tho roaction between tho hydrocarbon and 
nitrous acid, which implies the presence of an othylenic bond. 

The behaviour of caiflphenyl nitrite witli caustic potash 
points to its probably liaving the structure CgHi^ : CH . 0 . N : 0 ; 
which would indicate that c^amphene itself contains the group 
BaC : CHg. 

It is now nccessaiy to gain inforoiation with regard to the 
position of the two methyl groups; flftid the syntheses of 
camphenic acid ” and dimctbyl-norcampholide * supply the 
required material. From the structures of these compounds 
shown below it will be seen that the two methyl groups are 
attached to a carbon atom outside the pentamethylene ring. 

• • 

* Armstrong and Tilden, Ber., 1879, IS, 1766. 

’ Uondorson and Follook, Trans., 1910, 97, 1690; compare Lipp, AnntHen, 
1911, 888 ; 965. 

* Lipp, Bsr., 1914, 47, 871. 

* Komppa and Hintikka, Ber., 1909, 48, 898. 
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cifg — an — C(CTi3)2— oooH 
cir* 

(Jir* — on — cooH 

Gamphonic acid. 


Cir, CH— C(CH,), 

(1h, i 

OH, ' 

Dimothyl-norcampholido. 



This tividonco excludes the Scmmler formula for camphene : — 

OTla CH 

CHg- C-OH, ■C:CH, 

cuj Isix" 


since in it there is no fivc-mcmbored ring free from the 
dimethyl part of the molecule ring. 

So far, tlien, the cxpcriiuentaL evidence points towards the 
Wagner formula : — 

oiig oil 0(013)2 

cir, 

OU, (')ll 6:011, 


but it must be admitted that even this formula will not fit all 
the facts. It is difTicult to see how the production of cam- 
phenic acid can bo accounted for diiectly. 

The only solution is to assume that intramolecular changes 
occur in the camphene inolocnle under the action of various 
reagents ; and, as will bo seen in tho last section ■ of this 
chapter, some such intramolecular rearrangements must be. 
postulated if the behaviour of this group* of terpencs is to be 
explained in a satisfactory manner. 


11 . — FENOIlEin? AND ITS DERIVATIVES. 

1. The Syntheses of Fenehom and Fenchyl Alcohol, 

Until quite recently, the exact constitution of fenchone 
had not been placed beyond doubt; for its degradation pro- 
ducts are labile and difficult to utilize in the problem of 
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(letenninin^r tho Btriioture of the parent substance. A syn- 
thesis of the substance has now been attained, however, whicli 
establishes its constitution.^ 

The actual synthesis starts from laevulinic ester and 
bromacetic ester which arc condensed together by means of 
zinc — 


CUa - COOCallf. 

+ — 

CHa - CO Jir . CITj . COOCallr. 

cn. 


CHj -CO 

0 

1 

Cir,- C -CH,.COOC,Ht 

in, 

(I.) 


The loctonic ester (f.) thus formed is heated with potassium 
cyanide, whicli converts it into the nitrile (11.). Hydrolysis 
yields the tricarboxylic acid (HI.)- 


CHa- OOGCa^^s 

irydrolyiffH 
CHa-COOCalf, -> 

CU,- (’—ox 



cir,-cooH 

(JHg.OOOH 

CHg-Ji- - COOH 

(JH, 

(HI.) 


On heating with sodium and benzene, this substance fonns a 
pentainethyleue derivative (TV.) ; and when tho ethyl ester of 
this is condensed with a-bromoacetic ester in presence of zinc, 
a new cliain is added,* as shown in (V,). This compound ap- 
parently loses water afld forms (VI.) ; for the reaction mixture 
contains botli raatciiols — 


CHff-CO 


CHa 

(jHr-C— COOH • 

OH, 

■(IV.) 


nr.cir,cooc,H, 
-> 


CHa-C(OH)-CHa . (JOOCaHc 

('iH, 

OH,-C— COOEt 

(ijH, 

(V.) 


> llusicka, Ber., 1917, 60, 1SG9. 
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and 


CHjr-C^CH.COOCjHs 

CH, 

( JH2 — C— COOC2TI6 


CH. 


(VI.) 


Tho mixture is treated with phosphorus tribromide iu chloro- 
form, which converts it all into (VI.); and then the ester 
is reduced to (VII.). The lead salt of tliie breaks down on 
distillation in the usual manner, forming the internal ketone, 
methylno7'camphor (ViIL). 


CHj—CH— CHj. COOCjHs 

(JH, 

OHr-C— 0000,11. 

ill, 

(Vri.) 


difilUIation 
- -- “> 
of loud sii.b 


ClTff— CH— OHj 

on,' 

0H,-0- -00 


OH, 

(Vlll.) 


Methylation by means of sodamidc and methyl iodide com- 
pletes tlio process, producing a mixture of fenchosantciione 
(IX.) and racemic fenclioiie — 


CHr^CH— CH.CH 3 

CHj-O 00 

Oils 

(IX.) 


CHj— 011—0(0113)2 

oir,— i — 00 


OH, 

Fcnchono. 


This synthesis proves tho correctness of the formula pro- 
posed for fenchone by Semmler.^ 

lleduotion of fenchone produces fenchyl alcohol, which 
must therefore have the following structure 


I Sommler, Oh. Ztg., 1905, 20, 1818; comporo Bonveault and LovoUoiB, 
OompL rend., 1906, 146. 180. 
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CHj— CH~C(0H5)2 
( 

CITg 

CHa-C on. OH 

dn, 

Fctichyl alcohol. 


73. 


. 2. The Dccomp(Mitio7i8 of the Fcnckenes. 

For a long time the structures of the fonchenes were a 
puzzle to organic chemists. As we liave seen, the reduction 
of fenchone yields fencliyl alcohol. It is found that <Z-fenclione 
gives rise to a hevo-rotatory alcohol, which is therefore de- 
scribed as ])-/-fonchyl alcohol. When this is treated with 
phosphorus pentachloride at a low temperature it gives 
I)-/-fenchyl chloride which, with aniline, loses hydrochloric 
acid and yields O-f-foncheno. This compound is now known 
os a-fonclieno.^ 

If phosphorus pentachloride bo allowed to act on fenchyl 
alcohol without cooling, a dextro-rotatory chloride is formed, 
which on treatment with aniline, pimliices D-c?-feiichcne, or 
/-l-fenchene. It is also possible to prepare /3-leiicheno by 
heating fcnchyl alcohol with potassium hydrogen sulphate.^ 

The C(jnstitution of li)-/-fuiichene (a-fencheiie) has been 
dealt with in the following way.** Whan it is oxidized with 
potassium permanganate it is converted into a hydroxy-add, 
D-Z-hydroxy-feiicheiiic acid, which has the composition CioHicOa. 
This body, when treated with lead peroxide and sulphuric 
add, loses nsarbou dioxide and two atoms of hydrogen, being 
converted into D-d-feiichocamphorono, C 9 H 14 O. lly nitric 
acid this last compound is broken down to apocamphoric acid. 
This production of apocamphoric acid from fenchene shows 
that in fenchene itself one of the carbon atoms must be attached 
to the nucleus at point differept from that at which the methyl 
group in camphor is placed; os otherwise we should find 
camphoric acid produced in the end instead of its next lower 

1 Eonunpa and RoBohier, Ann. A end. 8ci. fennicaet 1915, (A), 7, No. 14, 1. 

« Ibid. * WaUach, Annalen, 1898, 800, 204 ; 1901, 815, 28S. 
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homologuc, apocamphoiic acid. The only way in which wo 
Ct'in satisfy tliis requirement is shown in the formnlse below — 


GHg (;H C : CHj CHg OH 0(OH) . COOII 

I I 

CH,-C-CH, ► CH,-C— CH, 

Oil, in CH, CH, in — 


])-2-fencheno. 


> 


CHy CH -( 

JO ( 

1 

f ixr rjiT 




cn, oil ( 

JH2 


CH2 

Ifydroxyfonohenio acid. 

— cir.cooH 


CHs-C— CHa 


Fciichocamphoroiio. 


Ha CH.COOH 

Apocamphoric acid. 


T)-/-fencljeno, therefore, has the constitution ex])Te 8 sed by- 

CTla- CH O.CH2 

on,— i— on, 
cn,- in CH, 

How such a structuru can arise by the dehydration of 
fenchy] alcohol or tho I'emovnl of a molecule of liydrochloric 
acid from fencliyl cliloride, is one of the puzxles of organic 
chemistry; and the matter is not made simpler by the 
occurrence of the second feiichone isdmer. 

With reganl to the constitution of this / 3 -fenchene, vfery 
little is known.i When prepared from racemic fenchyl alcohol 
and sodium hydi'ogen sulphate, it forms part of a mixture of 
hydrocarbons from which it can be separated by distillation. 
Tho pure product, on oxidation with alkaline pefinanganato, 
yields r-hydroxy-/^-fenchenic acid, isomeric with hydroxy- 
fenchenic acid. Further oxidation, with acid permanganate, 
gives '/'-j j-fencliocaniphoronc, isomeric with fenchocamphorone ; 
and a final oxidation, this time with alkaline permanganate, 
produces a dibasic acid, C.,Ili404, an isomei' of apocamphoric 
acid. This last compound gives no anhydride, which may 
point to it being a fraas-compound. Beyond that, nothing is 
known of its structure. 


1 Komppa and Rosohler, Ann. Acad. 5ci. fennica:^ 1016, (A), 7, No. 14, 1. 
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C. — ^PlNKNS. 

1 . The ConetihUim of Pinene. 

Piiieno is a hydrocarbou isomeric with campheno and 
fenclicnc. It was found by Sobroro ' that when this substance 
was allowed to stand in sunlight in cont«act witli water and 
air it was, after several luoutlis, converted into a compound 
sobrerol,* CioHi6(OH)j, which, on boiliug with dilute acids, was 
changed, by the loss of one molecule of water, into pinol, 
CioHieO. rinol was found, on furtlier investigation, to be an 
internal ether of the same type as cineol. Walloch ^ has shown 
that pinol may also be obtained by the action of sodium ethylate 
on terpincol dibroniide. 

Wlieii pinol or sobrerol is treated with a 1 per cent, solution 
of potassium permanganate th(} product is a dihydric alcohol ^ 
piuol-glycol, CioH](| 0(()11)2. On furtlier oxidation, a tetra- 

hydric alcohoP sobrerythrite, is formed, wliicli in 

turn is oxidized to torpenylic achl. Therefore we should find 
in pinene, pinol, and jiinol-glycol, the same chain of carbon 
atoms whicli wo know exists in terponylic acid — 

I’llg Oil Oils 

OH, -C-OH, I 

\ j 

O. i 

coon 'CO 

In other words, the pinol skeleton must contain the 
grouping— 

cir; — cir — ciig 

Clls-C— CH3 * 

! ^\o 

' 

CH= , =0 

' Sobrero, i4nna2e?i, 1861, 80, 106. 

* Sobrerol can also 1)o obfaiuod by acting on pineuo with mercuric acetate 
(Hondersou and Agnew, Trans.^ 1909, 88, 289). 

* Wollabh, Annalm, 1890, 869, 309. 

* Wagner and SlawiiiHki, Ber., 1894, 1641. 

< Wagner and Ginsberg, £er.. 1891, 87, 1648; 1896 , », 1195. 
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Into this scheme we have now to fit a hydrogen atom and 
tlic group — 

CHff-C : 


and, as can at once ho seen, there are two possible ways of 
doing tliis — 

CHj— - -CH CH, CH* CH CII, 


CHj— C— CHs 


on C- 


CHa 
I’inol I. 


CHa-C— OHj j 

^0 ^ I 

II Clla- -C-- C 

OH, 

Piuol IL 


On these two assumptions sobrerol, which is obtained from 
pinol by the adilition of water, would have either of the 
formulsB — 


CH, OH— -Clla 
CU,-i-CH, 


CII CH. 

! I 
; cn^(j— CH, 


on- -c CH.OH CH, — C C.OH 


CII, 

Sobrorol Ta. 


OHa 

Sobrerol IIo. 


Now, sobrerol, on oxidation with a 1 per cenr. solution of 
potassium permanganate, gives a telrabydric alcoliol, sobrery- 
thrite. This can only be explainbd by using the fi)rmula (la.), 
for (Ila.) would produce a hydroxy-ketone — 


CHa CH— ^-CHa 

CH,-(l-CH, 


9H, CH CH, 

I CH,— (!>- CH, 


6. OH CH. -00 COOH 


CH, 

Sobrerol Ua. 


CH, 

UTdrozy-ketono. 
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Sobrerol, therefore, has the formula (la.) and* pinol the 
formula (L). 

From tills we may conclude that the formula of piuene 
itself is— 


CHa CH CH, 

CH3-C-CJI3 
CJII c — -- -CH 
Oil, 


'3 
Piueiio. 


Further evidence in support of this constitution is supplied 
by the behaviour of piiienc with diazo-acetic ester. It is well 
known that the latter body interacts with compounds 
containing ethyleiiic bonds to produce pyrazolin derivutives, 
whicli then decompose, yielding trimeihyleno compounds.^ 
Now when piuene and diiizo-acetic ester interact, the end- 
product is a substance of the following structure ^ : — 


CU,- - on- CHa 


CII3— C -CU3 

Oh - a 


ClI 




CjHsOOC.CH* Oils 


and since we know that the ring is formed partly from the 
two atoms between which the double bond originally existed, 
this tends to establish^the pineuo formula which was deduced 
above. ' 

In virtue of the double bond in its molecule, pineuo is 
capable of uniting with hydrochloric acid or nitrosyl chloride. 
Pinene hydrochloride resembles camphor in appearance and 
smell, and is used commercially under the name of artificial 
camphor.” Finen<^ nitrosochloQde,^ on standing in presence of 
hydrochloric acid, is converted into hydrochlorocarvozime by 

. 1 Buchner and Curtiue, Ber., 1886, 18, 237. 

* Buchner and Behoret, Air., 1918, 46. 2680^ 2687. 

> Baeyer, Ber,, 1896, 88, 20. 
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the wandering of a chlorine atom and the rupture of the pinene 
tetramcthyluiie ring — 


CHa OH- 


— UHa 

I 

cjrg-c— cHj 

1 Cl ^ 

1 I • . 

(J C (JH 

0 I 

N.OII CH, 

rinono nitroBouhlorido. 


ClI. 


.CH -CH, 


Cil3--C-_CHs 

Cl 


c- 


-C---- GlI 


N.OU CII3 

Hydroohlorocarvoxiino. 


Pinoiu; itself is converted into tcrpineol by hydration with 
dilute acids — 


CHi 

OH--- 

1 

Cl la 

CUa— Cll — 

1 

cn. 

Clla- 

-C’-OII, 

1 

1 


: CH3-C-CII3 




1 


cm 


CH 





CJI2 

c— - 
1 

Cll 

Cll - c 

1 


CH3 



Clla 



Filiouc. 



Torpiiicol. 



. 2 . rhwniii awl Fihic Aciilg. 

When piiiouo is oxidized with potassium permauganato, 
the first product is a ketoiiic acid^ whicii, accordiug to the 
conditions of the experiment, can be obtained cither as a single 
substance or as a mixtiira of two isomers. When the single 
substance is produced it is found to have the composition 
CiollifiOa, and hiis been named a-pinonic acid. It contains the 
group CHa-CO-, for, on treatment with bromine and potash, 
it loscs' a methyl group, takes up hydroxyl, and is converted 
into pinic acid, CDni404 — 

KOH and Br 

CsHiA-CO— Clla CaHjaCa-COOlI + CHBra 

Binonic acid. Piuic acid. • 


X Baoycr, Ber., 1896, 89, 8. 
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These changes are expressed in ttie following foruiuhe : — 

OHj 


CH, CH ( 

( 

m, CH- ( 

1 

CH,— C— CH, 


CH,-C-CH, 

UH- - - C 

JH C 

loOH CO- -t 


I 


CH, 


8 


OHj 

Finouu. linonio acid. 

CIIj OH- CII2 

60011 IIOOC UU 

Pinic iioid. 


Now, on liytlrolyais with oO [Kir cent, sulphuric acid, 
pinouic acid gives a kcto-lactuiie,' CioHicOa, wliich provo.s to be 
identical witli tliat obtained in the oxidation of teqiiiieol. A 
siinihir liydrolysis converts [niieue into ter[)inool, so that the 
Ibllowing scheme shows the relations between the four sub- 
stances : — 


OH, ■ 


-CK- 


riiiriic. 


-CH, 


OH, OJI- 


-CH, 


ClI,— U— Cir, oxidnlion CIF,— (!- -ClI, I’iiiniiic aciii. 


-r.O-- CH 


CH, 


COOH CO - 

I 

CH, 


01 r 


^ hyiiroIyiiH liyilmlyHiH ^ 


Tcrpiiictil. 


1 i 

CH,-0-CH, 1 

"'I 

1 

(ixiilation 

ore j 

L, « • J 

->• 

^•w w t' 


■01 r- 


-cir, 

! 


OHj-i-CH, i 

X ! Kitii- lactone. 

O' 


CH — C OH, 


CH, 


00 


(!o — in, 

CH, 


D.— iNTUAMOLKCUJiAK KlSAltRAKGKMENTS IN THE DlCYCLIC 

Tekprkes. 

* •• 

It has already been pointed out in the courst! of this chapter 
that some of the reactions in the dicyclic terpouo group cannot 


t Bao7er.A>r.,1896,S0,3. 
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bo satisfactorily i-eprcsented without the aid of assumed 
iiitrainolcciilar changes. Some suggestions as to the nature of 
siicli changes have been made by Aschan^ and Meerwein;^ 
wliilo Collie” lias worked out a more complete scheme with 
which we may now deal. 

In order to account for the inlrainolocular cliangcs proposed, 
three assumptions are mode. In the first place, it is assumed 
that n trimcthyleno ring may be formed or ruptured within the 
molecule. Secondly, it is postulated that u dicyclic compound 
containing two iivo-inembei'ed rings is more stable than an 
isomer which contains one fuur-membcrcd and one six-mernbered 
ring. Thirdly, the suggestion is miide tliat the grouping (I.) is 
preferied to (11.) in the course of intramolecular changes. 


(I.) 



(X I Q 

I clr, I 


C ! C 


(IF.: 


Now let us take the changes in the enmphene series as a 
starting-point. The sclunue of tlie.se is given mi p. 83. The 
first set aro concerned with the conversion of pinene liydro- 
chloride into cainpheno. It will be noticed that the initial step 
deiieiids u])on the third assumption and consists in a rearrange- 
ment of the grouping (II.) into the grouping (1.), which is 
accompanied by a wandering of lf.ie chlorine atom from one 
carbon atom to the next. The next two stages represent the 
splitting off of hydrochloric acid with the formation of a 
triiiietliyleiio ring and the subsequent readdition of the acid in 
a new position to give two {lentamethylene rings. Finally, h/ 
tbe elimination of hydrochloric acid, camplieno is formed, which 
may be represented either according to the Wagner formula or 
with a trimothyleno ring in its system, these two structures 
being assumed to be mutually interchangeable.* 

Tlie second series of rearrangements is based upon this view 

> AfMjlian, AnnaUn, 1913, 887, 1. 

• Moorvroin, ibtd., 1914, 406, 129. 

■ Collie, prlvalo cuiumunication. 

* For a somewhat parallel learraagement, compare the couvursion of 
dihydrooarvone into earono or the change oi oarylamino into vostrylamine, ete. 
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of tho duality of the oamphenc structure. The tiimethylene 
ring variety gives rise to campheuic acid ; whilst the Wagner 
formula leads to campheniloue. 

The production of camphoio acid and apocamphorio acid is 
dealt with in the third series. In this case, the first step is the 
production of a hydroxy-aoid by tho gentle oxidation of tho 
double bond in the camphene molecule. Tlien follows tho 
elimination of water and the forinatiou of a triinethylenc ring. 
l>y the readdition of wat(>r, this triiiiethylcne ring is opened ; 
and the lissiou takes a form which brings into oxistcuco the 
grouping (I.) instead of the groii]>ing (11.). Finally, oxidation 
gi\es rise to cauiphoic and apocamphoric acids. 

The fourth series of changes shows the conversion of camphene 
into iKirnyl alcohol. The first stop is the addition of a molecule 
of water. Then follows tdimiiiation of wat(‘r from a (Uflbrent 
pail of positions, with the priHliiction of the trimethyleue ring. 
The next furmiila is identical but is meiely written in a 
diffurent form. Finally, the tiimethylene ring is riiptuied by 
the addition of >\ator and botnyl alcohol is produced. 

Let us iKm turn to the feiiehene senes. Collie symbolises 
tho conversions in tlio f<ilIow]ng manner. Assume in the first 
place that fenchyl alcohol loses water in such a way as to form 
a tiiim'tliyleue liiig within the molecule. Tho lesultiiig 
compound may be written m thioe dilfereiit ways wfiioli are 
stiiicturally identical: 



Now if hydrochloric acid be added on to the molecule in 
such a way as to break the bond between the carbon atoms 
numbered 2 and 6, fenchyl ehluride will bo foimed. If, how- 
ever, the trinietliylcne ring breaks between the atomh 1 and 6 
and rearrangement into a double Ixind takes place instead of 
reformation of the trimethyleno grouping, then eithn a- or*j3- 
fencheno may be produced. 
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<A~U-iirlicii«‘ ^ ft‘nu1iuno 


TIlr production of a])Ocamp1ioric acid from a-fenchene and 
tlio oxidation of /^-fcncheno to an isomeric apocamplioric acid 
arc thus symbolised by Collie : 



rk frnrh«N>:iin|i1i'iriiiir \]iiH-.inipl'orii* Ai'i.l ji iViwIuH-ainttlioniiic ApiiciiniiiliiTM' Ai’nl 

The clinniTO of caniphcno into bornyl nicoliol may be 
nccountcd for thus : 



111' nnmj;! AU’Oliol 


It should bo noted that oii Collie’s view 
cainphonu and the two feiichenes may all bo 
tautomeric forms of a fourtli structure which 
contains a trimctliylcne ^o'ouping. 




lyAMrilSNVS KEACTtONR. 


/None ; The symbol •— — • Is luod to roprosont GH,->C— GH, iiuido the 
' hexagon.) 



2. Formation of Cumplienic Acid and Oampheuiloiio. 



(’iiniiiluiii' (ll) CiiiiinlK'nic Ai'iil (Aiiiipliciii' (l) Ciunphi'iiilone 


Cuinplinic Acid and Apot*4»iiphoric Acid from Cuiiiplionc. 

coon 



A]inr(iiiiphiiiii' Arnl 


4. Production of Bornyl Alcohol from Oainphene. 



Outnphene 


Borayl Alcohol 



CHAPTEK IV 
\ the OLEPmiO TERPENBS 
A.— Introduction 

We have now described the most important cyclic terpones, 
and we must next examine the olefinic substances wliich are 
often included in the terpeno group. It might have been 
more logical to have dealt with the open-cliain compounds 
first, and the cyclic ones later, but as we should in that case 
have had to assume the constitution of certain cyclic terpenes 
which are closely connected with the olefinic ones, the present 
method of arrangement is more convenient. 

Those unsaturated open-chain substances which are found 
in ethereal oils, and which, in many cases, can be transformed 
into cyclic terpenes, are termed olefinic terpenes, or terpenogons. 
They occur as hydrocarbons, aldehydes, or alcohols, and are 
derived from hydrocarbons of the formula CcHs. In many 
coses the odour of etheiieal oils is very lax^gely due to the 
olefinic Iterpenes contained in them. 

The chemical importance of the olefinic terpenes lies in the 
fact that from them wo can build up some of the moro com- 
plicated terpene derivatives by menus of very simple reactions ; 
but they are of intei-est also from the hommercial point of view 
as forming the basis of many natural and artificial perfumes. 

B. — ^ISOPRKNK. 

^ N 

Isoprone is the simplest of all the olefinic terpenes; it 
contains two double bonds, and has the composition Cs]^ Its 
synthesis lias been carried odt by Euler,^*aud also by Ipatjew,* 
in the one case starting from methyl-pyrrolidine, and in the 
other from dimethyl-alleuo. In the first case, the methyl- 
pyrrolidine (I.) is allowed to interact with methyl iodide with 
1 Eulor, J. pr. CSem., 67, 18S. * Ipatjew, iUd., 66, 4. 
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the formation of dimethyl-methylpyirolidinium iodide (1L)> 
This substance is then d^mposed with potash, whereby the 
ring is broken and (fes-dime^yl-methylpyrrolidino (HI.) ifl 
produced. The addition of methyl iodide and decomposition of 
the product (IV.) with potash gives trimethylamine and the 
required isoprene (V.) — 



ai) 

(III.) 

CH,— CH— CH, 

0 

f 

Q 

CHr-CH— CH 

1 I - 

> 1 1 “ 

— > 1 N 

CH, CH, 

CH, CH, 

CH, CH, 

\/ 

\/ 

\ 

HH 

CH,— N— I 

N(CH,0i 


CHj 

(IV.) (V.) 

CH. -ClI-CH CHj— 0 CH 

I II ^ II II 

CH, CH, CH, CH, 

I +N(CH,), + m 

The synthesis from di]iiothyl<allenc is much simpler. Two 
molecules of hydrobromic acid are added on, forming 2-methyl-2, 
4-(libromobutane, from which hydi'obromic acid is again split 
off by moans of alcoholic potash — 

CH, CH, • CH, 

C:C:CH, CBr.CH,.CH,Br C.CH:CH, 

0 ^ Cll!^ ciif 

Dimethyl allono. HCethyl-dibromobatiuio. Isoprono. 

• 

Isoprene is produced by the dry distillation of indiarubber 
and by the decomposition of turpentine oil at a dull red heat. 
Concentrated hydrochloric acid converts it into a polymer which 
luM all the physical properties of mdiarubber, and the same 
change takes place on long standing or with traces of acids in 
sunlight. When h^ted to 300°* C., isoprene is polymerized to 
a di-isoprene,^ which seems to be identical with dipontene — 

1 TildeA, Trans. Chsm. 80s., 1884, 45, 410; Bonohordat, (7. B., 1OT6, 80, 
1440; 1878, 87, 664; 1879, 80. 861, 1117. 
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CHa 

OHa 

d? 

h,^\h 

' II 

h,o'^\h 

HjC CHa 

1 1 

HjO OHg 

1 

V 

1 

c 

\h. 

0 

ciif \h, 


In a somovhat similar manner isoprene might be supposed 
to give a sesquiterpene in which three isoprene molecules would 
coalesce to form a compound of the composition O15H24. In any 
probable reaction of this type, it is worth noting, at least one 
uusaturated chain will be left untouclicd and ready to react 
with further molecules if the proper conditions are obtained ; 
and it is doubtless to this side chain that wc owe the more 
complex; polymer which resembles indiai’ubber. 

0 .— CiTKONBLLAL. 

Wc must now pass to tho consideration of a substance rather 
more complicated than isoprene — the compound citrouellal, 
which was discovered by Dodge ^ in citronella oil. Citroiiellal 
is an aldehyde, for on r^uctiou it gives tho alcohol citronellol, 
and on oxidation it forms citroneilic acid. Since it is optically 
active it must contain an asymmetric carbon atom. 

Tiemann and Schmidt,^ oxidizing it in aqmous solution, 
obtained as products acetone and /3-msthyl-adipic acid, from 
which they concluded very naturally that citrouellal had the 
constitution — 

( 0 H ,),0 = CH . CH, . CHa . (;H(CHa) . OHa . OHO 

(GU^CO + . CI€, . CJ£((JH,) . CH, . COOH 

COOH 

1 Dodge, Am. Chem. J., 1889, 11, 46G. 

> Tiemoim and Schmidt, Ber. 189C, 89, 903 ; 1897, 80, 23, 83. 
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The reason for placing the methyl group in this position will 
be seen later when we deal with the production of puisne 
from this body. 

This constitution, however, is not in agreement with the 
work of Harries and Schaawecker,^ who approached the matter 
from a slightly different standpoint. Instead of oxidizing cit- 
ronellal itself, they prepared its dimothyl-acetal and replaced 
the aqueous solution of Schmidt and Tiemanii by an acetone 
one. Under these circumstances they found that the oxidation 
product with potassium permanganate was the acetal of a 
dihydroxy-dihydtooitronellal, which, on further oxidation with 
chromic acid, could bo converted into a keto-aldchydo. This 
shows tliat the double bond must lie at the extieme end of the 
chain, so that citronellal would have the constitution — 

CIT3 CH3 

. cii, . CH, . on, . (Ih . CH, . 01 ro 

ciif 

On this view the dihydroxy-compound and the keto-aldehyde 
would bo — 


C(OH) . OHa . OHa . OHa . CH . CHa . OHO 


CO . on, . Oil, . ClI,. OH . OH,. CilO 


The results obtained by Tiemann and Schmidt would be 
explained by supposing that under tho inlluence of the aqueous 
oxidizing agent the position of tho double bond was changed 
from the ultimate to the penultimate pair of carbon atoms 
in tho chain. 

So far we have not proved the position of the methyl group, 
but we shall now give some evidence bearing upon the point. 
When citronellal is allowed to stand by itself for u considerable 
time it is converted into the isomeric substance isopulegol.^ 


' Harries and Schauweoker, Bet., 1901, M, 1498, 2981. 
* Labbe, BuU. soe. chim., 1309. [iii.], 91, 1083. 
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The some change is brought about more rapidly by heating 
citronellal with acetic anhydride ^ to 180 *’ C. The change may 
be represented in the following manner : — 

CH, 

CH, 

CH 

h,(5^ \h, 

CH 

H,C^ 

diHO 

\h, 

1 * 1 

HjC CH.OH 

V 

i 

/% 

CHj CIIj 

iRonuleffol. 

t) 

/\ 

CH, CH, 

Oitronollal. 


The pi'oof of the constitution of isopu'egol depends upon its 
conversion into pulegone. When it is oxidized it yields the 
ketone isopiilogoiie, which is converted into pulegone by the 
wandorinff ol the double bond — 



OH, OH, 

iBOpulogol. 


Oil, 

OH 



/V 

CH, OH, 

Isopulegono. 


OH, 


CH 


11,(5 oiij 

^H,0 (io 

0 

J 

0 

\h, 

Palogone. 


Fron; this it is evident that the methyl group in citronellal 
must bo in the position which we attributed to it ; as other- 
wise the isopropylene group wohld not come'into the 1, 4-po6i- 
tion with it in the pulegone formed from citronellal. 

We may postpone the consideration of the alcohol citronellol 


I Tiemann and Schmidt, 1696^ 89, 918 ; 80^ 37. 



THE OLEFINIC TERPEHES , ' ‘ 8 § 

and of dtronellio acid until later, as they are closely connected 
with some members of the class of compounds with which we 
am about to deal in the next section. 

IK— The Citral Group. 


1. QmeraU 


The group of olefinic terpenes, of which citral is the most 
important member, can all be derived from the unsaturated 
ketone methyl-heptenone. It will perhaps be best, before 
entering upon a detailed consideration of the group, to give 
a small table showing the relations between the different 
members : — 


Methyl-hc^tenono 
io acid 


Mr 

Citral 

\ 

Ooraniol Nerol 
Llniilool 


win 


Bhodinio acid. 

/ \ 
Bhodinol llhodinal 


We must now proceed to trace out the various changes by 
which the several substances are obtained. 


2. MethyUheplmm^c. 

As can be seen from the foregoing table, the substance from 
which all the other members of the citral group are built up is 
the ketone methyl-heptenone. We have alre^y encountered 
this compound among the decomposition products of cineolic 
acid, but in ^t place ^e did not deal with its constitution. 

Methyl-heptenone has been syntliesized in different ways 

by Barbier and Bouveault,^ Verley,* Tiemann," Leser,^ and 

Ipatjew/' We need only give one synthesis here, and may 

choose that of Barbier and Bouveault. In the first place, 

2-methyl-2, 4-dibromobutane is condensed with the sodium 
• » 

* Barbier and Bouveault^ O, R, 1896, 188, 898. 

> Verley, Bull soe. chim., 1897, [iif.j, 17, 180. 

, > Tiemann, Ber., 1898, 81, 824. 

* Leaer, Bull soc. chitn.t 1937i [iii.], 17, 160. 

> Ipatjew, Bar., 1901, 84, 694. 
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derivative of acetylaoetone. This gives the unsaturated dike- 
tone (II.), which can be broken down by strong alkali into 
acetic acid and methyl-heptenone (111.)— 


(0H.)2C.Br 

u 

CHjBr 


OH,. CO 


CH3.CO 


^IH.Na 

/ 


(I) 


(OH,),C 


IH 


(JTf, 


CHj.CO 

\ 


CU 


CH,.C0"^ 

(II.) 


(CH^G 

» 

CH 

(I'H, 

CH,. co.cn. 


CHj.CO.OH 

(HI.) 


This establishes the constitution of the substance, but if 
further proof were required it is to be found in the behaviour 
of inetliyl-heptenone (A) un oxidation. The first product (B) 
is a dihydroxy-ketone, which, on further oxidation, breaks 
down into pcetono and hevulinic acid (0) — 


0H3 

\ 

0 

CH, 

0 — OH 

oiO 

OIl^l 

OH — 

I , 

CH.OH 

• 1 

CHj.CUj.CO.CH, 

CH3.CH3.CO.GH3 

(A.) 

/ (B.) 

CH, 

/ 

\ 

• 

00 * 

/ 


CH, 

COOH 

1 


CU,.CH,.CO.OH, 

• (C) • 


In itself, methyl-heptenone is of no great importance, and 
we may confine ourselves to one of the reactions 'which it 
undergoes. When shaken with 75 per cent, sulphuric acid it 
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loses a molecule of mter and is converted into dihydro-m- 
xylene — 


OH 

OH 

^ \ 


[j-C . OH, 

OH3-O OH, 


1 1 

H3O (in, — 

HO OH, 

0/ 

1 

. V 

OH, 

j 

OH3 

Mothyl-heptonono. 

Dihydro-m-zylono. 


3 . Geranie AtHA, 

Following upon their synthesis of mothyl-heptenone, 
Barbier and Eouveault^ were enabled to synthesize geranic 
acid 'by means of a simple scries of reactions. By the action 
of zinc and iodo-acetic ester upon luethyl-hoptenono they pre- 
pared a hydroxy-add, which, on boiling with acetic anhydride, 
broke down into geranic acid. 

The fonnulic below indicate the coarse of the synthesis — 

MotbyMieptouone. 

luiermodiato product. ^ 

CHj.COOEt 

( 

lyirfcr. 

CHj 

(0113)20 : OH . OH2 . CH2 . 0 . OH Hydrozydihydrogeranic ester. 

(;H,.COOEt 

I • • 

Hydroly^, 


OH, 

(Cir,),C : OH . OH, . OH, . io 

Zinc ani wdoacetic esUr, 
CH3 

( 0 H,), 0 : OH . OH, . Oil, . i . OZnl 


^ Barbior and Bouveault, Com^. rend., 1896, 188, 896 ; see also Tiemann, 
Bsr., 1898, 81, 825. 
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CH, 

(0113)20 : OH , OII2 • 0If2 ■(!/ . OH Hydrozydihydrogenmio acid. 

dlHjCOOH 
I Iklv^raEon vMh aulio cmiiyd 

OH 2 

(OH3)2C:OH:Oir2.CH2.C:OH.COOH Goranic acid. 

Like methyl-heptenone,' geranic acid is of very little 
importance in itself. The only reaction which specially con- 
cerns us is its condensation to a-cyclogerauic acid, ^ which, like 
the Goirespondiug condensation of methyl-lieptenone, takes 
place under the influence of 70 per cent, sulphuric acid. In 
order to explain the geranic acid change, it is necessary to 
assume the formation and decomposition of an intermediate 
product which has not yet been isolated — 


CHa CH3 

lie CH.UUOH 


H 2 C C.CH, 

X 

t 

Gerauio acid. 


CHa CHa 

\/ CHa CHa 

C-OH \ / 

/ ^ 

HaC CHaCOOH / \ 

HaC CH.OOOH 


CHa — 


H ,0 (/ 

llypowotioal 
intormodiate product. 


JTtO O.OUi 

a-Oyologeranic acid. 


As the table sliows, geranic acid gives rise to two series of 
compounds : on the one hand, by reduction, we njay obtain 
rhodinio acid and its derivatives ; ^hile on the other we may 
produce the aldehyde citral, from which in turn several sub- 
stances may be formed. In the first place, we may deal with 
the smaller group, rhodinio acid and its allied compounds. 


4. Rkodinie Acid, Bhodindl, amd Ehodinal, 

When the ethyl ester of geranic acid is* reduced by means 
of sodium and amyl alcohol it is converted into inactive rhodinic 

1 Tlenxann and Sommlor, Ber., 1898, 88, 3786 : Ileinann aodr Sohmidt, 
ibid., 1898. 81, 881; Tiemann and Tiggea, ibid., 1900, 88, 8713; Barbiar and 
Bouveault, BulL toe. chim., 1896, [iii.], 18, 1003. 
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acid.^ The active, Invo-rotatory form of this acid has been 
obtained from the active alcohol rhodinol. These two acids 
>aie isomeric with citronellio acid, which is obtained by the 
oxidation of the aldehyde citronellal, and it has been suggested 
that citronellic acid is the dextro-fonn of rhodinic acid. On 
the other hand, from the constitution of citronellal, we should 
expect that citronellic acid obtained from it by oxidation would 
have the formula (L), while rhodinic acid from gerauic acid 
should have the formula (II.). 

CH, : C . CHj . OH, . CHa . CH . CH* . COOH 

(Ih, (Ih, 

Citronellio aoid. 

( 1 .) 

(CiyaC : CH . OHj . OH* . CH . CHa . COOH ^ 

CHa 

llhodinio acid, 

( 11 .) 

The literatmx) of the subject is somewhat contnuUctory, 
and it does not seem necessary to go into the question in 
detail here. 

When tlio ester of rhodinic acid is reduced by means of 
sodium and absolute alcohol it yields the con-esponding alcohol ‘ 
rhodinol — 

(CH,),C : CH . oil, . OH, . OH . CH, . CH,OH 

CH, 

which is isomeric with citronellol. Here, again, the literature 
is contradictory, and it seems impossible to decide whetlior the 
two compounds are stereo-isomers or diiTor in structure. 

Bhodinal,^ the aldehyde corresponding to the alcohol 
rhodinol, is obtained by distilling together ctUcium formate and 
the calcium salt of rhodinic acid. Barbier and Boiivoault regard 
it as having the structure (I.), because of its conversion into 
menthone. Citronellal, with which it is isomeric, when sub- 
mitted to the action of acetic anhydride, is changed into 

' X Tienumu, Ber., 1898, 31, 2901. 

• Douvoaalt and Gourmand, Compt. rmtd., 1001, 188, 1699. 

* Tiomanu, Ser., 1898, 81, 8902. 
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isopulegol, as wo havo already desoribed. On the other hand, 
rhodinal when treated in the same way yields menthone — 


CH, 

CHj 

difl 

H,(/ 'cH, 

OH 

1 1 

HjC OHO 

\h 

II 

H,A CO 

V 

1 

li 

C 

iihodinal. 

a) 

OH 

cii^ \m., 

Monthono. 

(11.) 


5 . CUraX, 


])y distilling together the calcinin salts of formic and 
geranic acids we obtain the aldehyde citral.^ Since this is a 
general metion, the (MJiistitutiou of citral would ])robably be 
that shown in the equation below— 


Cll, 

(CH,),0 : GH.UH,.GH,.i ; GII.GOO-ca 


H.GOO— ca 


=(aHJ,0:V3n.GH,.GH, 


OH, 

.i :On.OHO+GaGO, 


In support of this formula we may quote the <lecomposition 
of citral into acetaldehyde and methyl-heptcnone, which takes 
place when the substance is wormed with ,a solution of sodium 
carbonate. 

Citral, therefore, represents rhodinal or citronellal from 
which two hydrogen atoms liavo been withdrawn; and differs 
from them further iii that it contains no asymmetric carbon 
atom. iVut though it loses this possibility of isomerism, it 
retains another, for it has been found to occur in two 
geometrically isomeric forms * — 

i Tiemann, £cr.. 1898. 81, 827, 2699. 

* End., 1899, 38, 115; 1900, 88, 877; Boareanlt, ML soe. eMm., 1899, 
[iii.], 81, 419, 428 ; Barbier.tdM., G85 ; KorBohbanm, Bar., 1900. 88. 886; Zeit- 
Bohol, Bar., 1906, 89, 1788; Hairiefl and Hinunolmann, Ber., 1907, 40, 8628. 
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H— C— CHO 
(CH3)*C : CH .0^. CHj— C-OHj 
CHO— 0— H 

(CHa),C : CH . CH* . CHg—C— CH. 

Citral 6. 

These have been shown by Harries and Himmelmanu to 
be structurally identical ; and the relative configurations have 
been deduced from the relations of the two compounds to 
geraniol and nerol, with which we shall deal later. 

Like the other olefinic terpenes, citral can be converted into 
cyclic substances with great ease. When it is boiled for a long 
tiino with glacial acetic acid it is changed into cyineiie ^ — 


CHa CHa 
C 


CHa 

C 


CH 

(JllO 

I 1 

11,0 CH 

V 

OH, 

Oitnil. 


u 

/\ 

H,0 CHOU 

L 
V 


lljl) 






CHa CHa Jk'- 

I 

COH 

HjC^ ^H.OH 
HaC CHa 
C— OH 

I 

CH, 


CHa CHa 


-8H,0 




(; 


HC 


HC CH 
C 


Tiemann and Semmler, Bar,, 1896, 88, 2184^ 


CHa 

Cymono. 
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A second condensation of citral takes place when the 
aldehyde group is so treated that it takes no part in the 
action. For inst^ince, if we condense citral with a primary 
amino, we obtain a cyolo-citral by a simple wandering of bonds 
and rinc-formation — 


CH, CH. 

Y 

'R.i CH.OHrN.E 

OH, CH, 

Yoh 

H,0^ CH,.CH:N.E 

1 II 

OH, — > 

H,C C.OH, +an,o 

/ -SH^ 

X 

H,C 

\ /\ 

Citral dorivativo. 

Clf, OH 

(I.) 

(11.) 

CH, cir. 

OH, CH, 

\ / 

\ / 

c 

0 

/ \ 

/ \ 

HjC CH.cn :isr.li HjC CH.CHO 

1 1 

1 1 

n,c c.cii, 

II, 0 C.OH, 

V 

. V 

' 

B-Cyolocitral. 

(HI.) 

av.) 


Tiie same result may be obtained by condensing citral with 
cyan-acetic ester instead of an amine. .. In each case, the aniit.e 
or cyan-ester can bo split off after the condensation to cyclo- 
citral has taken place. 

Cyclo-citral occurs in two isomeric forms/ the formation of 
either being dependent upon the manner in which water is 
eliminated from the molecule of an intermediate hydration 
product (11.). The formation of /i)-oyclpcitral takes place as 
shown below — 


I Tlomanu, 3900, 88, 8719. 
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CH 3 CH 3 

\/ 

C— 

CHa.CH:N.tt 


OH3 Clla 

V 


CH3 CHi 


0H« 


H,d^ \cH:Jr.U h/\ .OHO 


/ 


H 3 C 1 0' 

(II.) 


H,C O.CH, 

X 


I 

H,C C.OH, 

jS-Cycboifcrol. 


, The practical interest of citrol lies in tlie fact that when it 
is condensed with acetone by moans of baryta, it yields a 
substajice, pseudo-ionone, which, by the action of sulphuric 
acid, is changed into iouone,' the basis of artificial violet 
perfume (see formula, p. 98). 

This body diflbrs from the natural substtince irone (to which 
the odour of violets is due) only in the position of a double 
bond — 


Clh CIL 

V 

H(J^ . CH : CM . CO . CH, 


HC CH.CM, 

\/ 


CH, 

Irone. 


J 6. Geraniol, Nerol, and LvnalooU 

If we reduce citral with sodium amalgam in an alcoholic 
solution weakly acidified with acetic acid, a mixture of two 
isomeric alcohols, geraniol and nerol, is obtained. These two 
bodies, on oxidation 'regenerate citral, and on this ground, as' 
well as on account of other reactions common to both, it is 

s Tlenuum and Erfiger, Bar., 189S, 98, 2691 ; Tlemann, tbtd., 1898, 81, 
808, 867, 173G, 8318; 1899, 89, 827; Timama and Sohxnidt, Und., 1900, 88, 
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assumed that they are structurally identical but stereoisomeric 
substances of the formula — 

CH3 

(CH,),C : CH . CH, . OH, . d : OH . CHj,OH 

Proof of the correctness of this formula is afforded by the 
fact that when geraniol is heated with water to 150° C. it gives 
ethyl alcohol and methyl-heptenono ; while on oxidation it gives 
acetone, laavulinic acid, and oxalic acid. 

By the action of acetic acid, to which 1 or 2 per cent, of 
sulphuric acid has been added, both nerol and geiuniol give 
terpineol — 


OH3 

I 

CH, 

d 

CH3 

c 

\h 

1[,C CH 

C 

II3U CH 

1 1 

nj) CIIaOH 

\u 

II 

u 

cuf \h, 

Gomuiol. 

{ 1 

II2C UHsOH 

Clla 

I 1 

H,C CH, 

O-OH 

CH^\ir, 

Hypotlietical glyuol. 

6-011 
CH^ \h, 

l^rpineol. 

Now, this reaction takes place nine times faster with nerol 
than witli geraniol; and if the two bodies are geometrical 
isomers, this difleruuce allows us to draw a: conclusion with ro- 


gard to their configurations.^ A comparison of the two formulas 
below will sufHcc to show that in (1.) the gi'oups whicli unite 
to form tlio terpineol ring are further apart in space than they 
are in (II.). Tlie ring-formation will therefore occur more 
easily in the case of (II.) tliau in that of (I.). Hence we must 
ascribe to geraniol the first formula, and to nerol the second — 

H— C— OHoOH 

* * 1 

(0I1,),C ; CH . CH, . CH,-(! -CH, 

Qotuiiol. 

a.) 

> Zeitubd, Str^ 1906, H, 1780. 
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CH,OH— C— H 

II 

(Olfgyj : CU . CH.. CHj-C— 0H3 

Morol. 

(IL) 

We are now able to deal with the space formulss of the two 
citrals. The oxidation of geraniol gives a mixture of dtral a and 
citral in which citral a predominates ; while with nerol the 
proportions are reversed, more citral 6 being formed. From 
thin we may deduce that citral a has the same configuration as 
geraniol, while citral h has its groups arranged as in nerol — 

H— C-CHO 

II 

(ClTalaC : CH . CHj . CII3— C-CH3 

Citral a (Ooranial). 

CITO— C— II 

II 

(GH3)jjC : OTI . OTI3 . CH3— 0 — CH3 
Citral b (Nona). 

Both geraniol and nerol are found in nature as inactive 
substances, wliich agrees with the formula) which we have 
ascribed to them above. The isomeric compound, liualool, 
however, occurs in both dextro- and lasvo-rotatory fi»rms, and 
must therofore contain an asymmetric carbon atom. The 
inactive form of linalool is convortible into both geraniol and 
nerol by the action of acetic anhydride. This reaction can bo 
explained by assuming that linalool has the formula-- 

OH 

(UH 3)20 : CH . CHa . CHa . 0 . CH : CHj 

( 

CH3 

A comparison of the formulie of geraniol, nerol, and this 
one proposed for linalool will show that by the addition of 
water to each of these substances we can prodilce in all three 
cases the same glycol of the formula — 

OH3 ' 

(Cif,;i,C : CH . CH, . CH, . . CH, . CH,OH 


OH 
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This formation of a common hydration product suffices to 
explain the interconvertibility of the three isomers ; but there 
is one point which seems to render the linalool formula rather 
doubtful. When we take laovo-linalool and treat it with acetic 
anhydride, terpineol is formed along with nerol and geraniol ; 
and tliis terpineol is found to be dextro-rotatory. But when 
we compare the formulm of terpineol and linalool, we find that 
the asymmetric carbon atom of linalool does not correspond 
to that in tei^ineol ; in fact, the atom which in linalool was 
asymmetric is now not asymmetric, while a now asymmetric 
carbon atom has come into being. How optical activity can 
persist through such a change as this appears difficult to 
understand, unless w'e assume that it is a case of asymmetric 
synthesis. 


OH, GH, 
C 

din 

on, 

>L(1 GIC 

\t/ 


0 

/\ 

CH, Oil 

/-Uiialool. 


CH, CH, 

(1h, 

CH,OH 
Y I 

H,G CH, 


□iff 


GH, GH, 
0— OH 


dll 

/ 

_ 1 

liji diE, 


n,o CH, 


V 


OHt 

iDtvrinediate product h. 


fcff \h 


G», GH, 

VOH 

(1h 

H,(f ^H, 

^r,i in 

V 

(!;h, 

fZ-Terpinnul. 


This terminates our survey of the terpene class. • In con- 
clusion, we may append to this chapter a table showing some of 
the possible conversions of mono-cyclic, di-oyclic, and olofinic 
terpenes into each other, and also into mem1)ors of the benzene 
series. 
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(JIIAPTER V 
RUBBER 

1. Introductory. 

Tub exact distrilnitiou of credit among the pioneers in the 
chemistry of rubber has in I’eceut years produced a most uii- 
edifying amount of controversy;^ and insinuations have been 
maile by at least one German chemist which appear to over- 
step the bounds of normal scientific polemics. In these cir- 
cuinstaueos, it seems desirable to give an outline of the Iiistory 
of the subject in its earlier stages. 

Ill 1800 Williams^ observed that when rubber is distilled 
it yields wiiat are now known as isojireno and dipentorie. 
On leaving isoprene in a partly-filled bottle for some months, 
he noticed that it became oxidized and was converted into a 
viscid liquid. Wlieu this viscid inateriid was clistillcd, at one 
point in the process the liquid solidified to ‘'a pure white 
spongy elastic ma.ss" which, when burned, gave off the cha- 
racteristic odour of burning rubber. The material in question, 
on analysis, yielded the following results : 78'S per cent, 
carbon, 10*7 per cent, hydrogen, and lO'o per cent, oxygen. 
This composition corresponds to isoprene plus half a molecule 
of oxygen. 

Bouchdrdat in 1879 found that when hydroelilorio acid 
solution is allowed to act upon isoprene, one of the products, 
after the reaction has proceeded for a fortnight or three weeks, 
is a non-volatile body having the composition 0 =3 87*1 per 
cent., H = 11'7 per cent., and Cl = 1*7 per cent. If the chlorine 
be disregarded — and Houchardat believed that its presence was 

> For a Goniploto acooant of thin deo Pond, J. Amer. Chem. 80 c., 1914, 86, 
165. See also Luff, J. Soc. Chem. Ind., 1916, 85. 983. 

* WiUiams. Phil Trans., 1860. 245; Proe. Roy. Soc., 10, 51G. 

* Bouohardat. Compt. rend., 1879. 88. 1117. 
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due to ooDtamiuation by foreign chlorinated oomponude — these 
results agree closely with the formula (CsIIh)*. The substance 
thus produced “ possesses the elasticity and other characteristics 
of rubber. It is insoluble in alcohol ; it swells up in etheri 
also in carbon disulphide in which it dissolves in the manner 
of natural rubber.’* When submitted to dry distillation *' it 
forms the same volatile hydrocarbons as rubber.” All these 
properties appear to identify tliis polymer of isoprene with the 
substance from which isoprene is formed, namely rubber." 

Harries^ has in i-eccnt times criticized this work of 
Bouchards t and has attempted to prove that Bouchardat’s 
method does not yield the products described. Unfortunately 
for his contentious, he had read the original paper so carelessly 
tliat he apjvarently attempted a repetition of the work by the 
omjdoymoDt of hydrochloric acid gm whereas Bouchanlat 
used aqueous hydrocliloric acid. When an attempt is made 
to repeat an author’s work it is iisu: 1 to employ his own 
method; not to try a new one and then declare that the 
described method seems almost excluded.” Harries also* 
assorted that Bouohardat had not proved the identity of Ids 
product with true rubber. It is diflicalt to sec what more 
Bouchardat could have done, considering the date at winch ho 
worked ; and this attitude in the critic becomes more astonish- 
ing when it is recalled that in 1910-11 Harries made use of 
tetrabroinides, nitrosites, and ozonides as tests to distinguish 
rubber'; but in 1912-13 he discarded these as being inefficient, 
and concentrated his attention upon the rate of decomposition 
of the o/onidcs witli water.* 

The next stage in the history of synthetic rubber is marked 
by Tildon’s paper of 1882.^ Tilden showed that when tnr* 
pontine vapour is passed through a red-hot tube, isoprone — 

CHav 

^C-CH^CHj 

CHg^ 

Isoprene. 

is formed ; and he also stated that, by the action of nitrosyl 

1 Harries, ^nnalm, 1918, 805, 211. 

* Oummi-ZeUung, 1010, M, 868. 

. * Lecture at Vienna. 12th March. 1910; CJtem. Zeit., 1910, 84, 816; 
Atmalm, 1913, 896, 311. 

. < tUden. C/Mm. Newt, 1882, 40. 220. 
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chloride, iaoprene woe converted into rubber. Ten years later, 
Tilden^ made public the fact that some isoprene which had 
been kept in a bottle for a long time had undergone change. 
** In place of the limpid colourless liquid the bottles contained 
a dense syrup in which wore floating several large masses 
of solid, of a yellowish colour. Upon oxnminatioa tliis turned 
out to be indiarubber.’* These original samples have now 
been tested by the ozone method and were found to be true 
rubber.” It may be noted that this work of Tildeii’s should 
be regarded as a real synthesis of rubber, and stands in a 
different category from liouchardat’s. Bouohardat obtained 
his isoprene by distilling rubber ; so that his work consisted 
of re-synthesizing rubber from its dccoruposition products. 
Tildcn, on the other hand, obtained his isoprene from tur- 
pentine, and may thus claim to have made a true synthesis of 
rubber. 

Uarries,” not having been able to rei)oat Tilden's work, 
contented himself with the statement that Tildcn "never 
proved that he had rubber in his hands." 

About 1899 or 1900, Kondakoff^ showed that other 
members of the isoprene series could be converted into rubber- 
like materials by various methods. 

In the earlier paili of the present century, the uses of rubber 
were greatly extended ; and as a natural consequence there 
was a marked effort to produce the material by artificial means 
on a manufacturing scale. ' • 

In 1909 Hofmann” discovered that isoprene may be con- 
verted into rubber by the action of heat. This is claimed 
as the first technical method of rubber synthesis. If it 
be a practical method it appears curious that, during tlie war, 
many reports Vere current crediting Germany with smuggling 
rubber in from America via parcel post. 

^ Tilden, Paper read before the PhiloNophioal Society of BitnilnKbom, 1892. 

' IdMf., Chemical IHecovery and Invention in the Twentieth Century, 1916 ; 
Piokloe, Trans., 1910, 97, \085. 

' Harries, Vienna Lecture, 1910. 

* Xondakoff, On Synthetic Rubber (in XtuBsian) (1918; ; J. ;>r. Chem., 1900, 
91. 175; 1901, 68, 118 ; 61, 109. See abo Harries' Vienna Levtaro and 
Anuakn, 191i, 888, 186. 

* See Duisberg, Eighth Internationa: Congress of Aj^Ued Chemistry, 1912, 
88,60,86. 
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In 1908 a Jiritlsh syndicate quietly set to work upon the 
problem of tlie coiiiinercial synthesis of rubber.^ A method 
of obtaining isopreno from fusel oil was w'orked out, thereby 
ensuring that tho raw material should not be too expensive. 
In tho course of some experiments, it occurred to Matthews to 
study the influence of sodium upon isoprene ; and in July, 1910, 
he sealed the two substances up in a tube. Inspection of the 
tube in August showed that the contents had become viscid 
and contained a proportion of remarkably good rubber. The 
vessel was rescaled and left till September, when it was found 
to contain a solid mass of amber-coloured rubber. A patent 
was applied for on 2'^th Octolier, 1910. 

Mciinwliile Harries, the Badische Aiiilin und Soda Fabrik 
and Bayer and Co. wei-e also at work, and the race was 
becoming a close one. Harries' atory is ns follows.^ He 
claims that in February, 1910, he observed, during a purilica- 
Lion of isoprene by distilling it over sodium, that tho metal 
bail an “ alt<ering " (verandcnide) action upon the hydrociirbon. 
Tlio fact that rubber-like materials I'esultcd fmin tho process 
was first establisheil "in September or October/' which is 
rather vague. I To states that on 28th October, 1910, he vor> 
bally communicaicd his discovery to a rc)>TCRcntative of tho 
Elbcrfuld Farbonfabriken in Berlin, and suggested that a 
patent should be. taken out by them. This ])atont Wiis applied 
for in Cermany on 12th Oecmtiber, 1910, seven wrecks after 
the British syndicate had applied for their English patent. 

If wo were to apply to Harries’ story the same rigid 
scrutiny as he .spout upon the work of Bouchardat and Tilden, 
the only evidence whicli we could regard as reh-vaiit would be 
the actual date of the patent application, as no corroboration 
has been olfored by tho other details.* In aiiy case, undpr 
modern conditions, priority of discovery counts for less than 
priority of publication; and on that basis the Germans lost 

the TOGO. 

Tho controversy which arose out of this defeat was marked 

• » 

' Soe Forkin, JT. 5ac. Glwm. Ind., 1912, SI, 61G. 

* Hurries, Annakn, 1912, 896, 211. 

* Tho first acientiflo publication b> Hurries on tho subject is dutoil 2Gth 
June, 1911 {Annalen, 888, 188), and ^ there states (before tlie oontroversj 
arose) that ho made tho discovery at the end of 1910 (Ends dos Jahres 1010), 
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by especial bitterness on the part of Harries;' and it is a 
matter for congratulation that chemical polemics are not 
usually conducted in that spirit. Wlieii a person devotes many 
pages to an attempt to demonstrate that German chemists have 
a pu^or claim to a subject, it seems i)ccii]iar to find him com- 
plaining against “the dragging in of nationalistic motives in 
scientific work.’* llefon^, the war throw a Hood of light upon 
German psychology, we should have been somewhat at a loss to 
comprehend this mental attitude. 

2. The Phopbutiks and CoNsin’UTioN of Natukal Uubbeb. 

Natural rubber or caoutchouc is a transparent, tough ehistic 
substance having no definite melting- or boiling-point.* It 
absorbs water, increasing jn volume as it does so. It is soluble 
in several organic liquids, such as benzene, chloroform, carbon 
tctiachlonde, dipen tene, lignjiii, nnd carbon disulphide. Its 
composition coiresponds i<> the formula (C’sHhIx- H is nn- 
satnrated, combining readily with oxygen and chlorine; and 
it yields iiitrosites and nitrosates with iiitrouR fumes. When 
distilled, it breaks down into a mixtnio of hydrocarbons of 
wliich the chief arc isopreiic and dipuntone. When heated 
with sulphur or when treated with sidutions of sulpliur di- 
chloride in carbon disulphide, it 1)econies “vulcanized,** the 
jirncess I'csulting in the rubber retaining its clastic properties 
over a wider range of temperature than when raw. When 
a high percentage of sulpliiu: is introduced, vulcanite is pro- 
duceii. 

Ap<art from the actions of lialogcus and iiilrous fumes upon 
rubber, which have led to little, our knowledge of its constitu- 
tion depends upon its behaviour with ozouo. 

Harries ^ states that when rubber is treated with ozone and 
the resulting ozonide is decomposed with water, the only isol- 
able products are Imvuliuic aldehyde, Imvulinic acid, and the 
peroxide of ]£evulinic aldehyde. The acid is evidently a 
secondary product 'of reaction. ' 

The molecular weight of the ozonide shows that its 

> Harrios, Annalm, 1912, 890, 211. 

* It appears from some work of Harries that natural Para rubber ocours 
in at least three forms : oily, soluble, and insoluble. 

• Harrios, Ber., 1900. 88, 1190. 
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compositiou is CioHuOe, which points to the fact that the struc- 
ture from which it was derived must have coutained two doable 
bonds, each of which has taken up one molecule of ozone. 

In order to account for these results, Harries has had to 
resort to an hypothesis which will hardly recommend itself to 
many chomists. Ho assumes, from the production of lf8va- 
linic aldehyde and its peroxido that rubber has the following 
structure : — 

CIl3.C.CH2.CH,.OH 1 

II II 

HC.CH2.CH2.C.CIl3J.6‘ 

and that tlio ozonide has the constitution : 


GivoR tho peroxido. 
GIyor thoaldebydo. 

hc.ch2.ch3.c:ch3 

'J'he breakdown of the ozonide is supposed to take place along 
the dotted line, tho lower half of the molecule producing Isevu- 
lluic aldehyde, OHn.CO. CH 2 . CIl 2 <CHO, whilst tho upper 
half yields the peroxide : — 

CUa.O.CHj.CHa.OH 

II • II 

CH-O— 0-0 

Hut at this point difficalties arise; for how can wo suppose 
that the'cyclo-octadieiie ring can polymerize without destroying 
the double bonds in it ? And if it does polymerize through the 
agency of tho double bonds, how can they be left unchanged to 
attack tho ozone molecules in order to pn^uce the ozonide ? 

Harries endeavours to gain credence for his hypothesis by 
adducing the fact that cyclo-octadieno — which should be ana- 
logous to his assumed eight-membered ring— does' actually 
polymerize readily; but inadvertently, no doubt, ho omits to 
mention that one of the products of this polymerization is a 
di-<^clo-octadiene consisting of thin, pointed leaflets .of m.p. 

C. ; whilst the other polymer is also a crystalline body.^ 
y 1 WlUiitattoT and Yaragath, Bar., 1906 . SB, 1976 . 
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The analogy with the properties of rubber is liardly close 
enough to support the eight-membered ring theory to any 
extent worth considering. 

For his final demonstration of the presence of an eight- 
membered ring in the rubber molecule, Harries relied upon 
tke.ibllowing statements.^ When the dihydrochloro-derivative 
of rubber is subjected to tlie action of pyridine,^ he found that 
a substance different from rubber is regenerated.* On ozoniz- 
ing this, he claimed to have isolated a cyclo-octadione derivative 
among the products. Tlierefore, according to liis ai^ument, 
the oiiffinal rubber must have contained on eight-membered 
ring. The fallacy in reasoning is not worth dwelling upon, as 
it subsequently turned out^tliat he had made a “regrettable 
error ” f and had mistaken an open-chain di-ketone, 

CHa.CO.Cira.CHg.OHj.CO.CHa . 

tor a cyclo-octadione derivative. It seems hardly worth while 
to comment on the value of such evidence; though Harries 
still contends that it establishas the presence of an eight-mem- 
bered ring in the rubber molecule. 

Harries ^ proposes to regard the polymerization of the eight- 
meinbered rings os a mere kind of' loose addition, so that the 
polymer breaks down into cyclo-octadiene molecules under the 
influence of ozone. In other words, he regards rubber as being 
built up from a largo number of separate cyclo-octadicne mole- 
cules clinging toge^er by^means of Thiele’s partial valencies, 
somewhat in the following style : — 

on, CHj 

C CHa . CHa . CII . . . . C OHa . Olfg . OH . . . 

I 'Hi I 

. . . . OH. Olla . OHa . 0 OH. Cllg . CHg . 0. . . . 

(!)Ha OHa 

* Harries, Her., 1918, 47, 2690. 

* aid., 783. 

* “ Dieser (the regenerated sabstance) let nlcht mehr Idontisoh mit dom 
natiiiliohen Eantschuk.” 

* HarxifS, Ber., 1914, 48. 784. 

t ** Eln bedauerlicher Ixitiiin." 

« Harries. Hsr., 1906, 88, 1196, 8986. 
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Tickles ^ lias adduced several reasons why this conception 
should not bo accepted without further evidence. In the first 
place, if ozone has tlie power of depolymerizing this peculiar 
compound, there seems no reason to deny the same depolymeriz- 
ing property to other reagents. On this basis, bromine would 
first break down the colloidal rubber to independent oyclo- 
octadieuederivutives which would then yield a simple totrabromo- 
cornpound, CioHi«llri; but in actual practice the bromo- 
derivativc of rubber appears to be almost as complex as rubber 
itself.* 

Again, nitrous fumes might bo expected to resemble ozone 
in their eflects; but their action on rubber, as studied by 
Harries himself, produces complicated substance with composi- 
tions, f established by molecular weight determinations, corre- 
sponding to (•) 2 oH 8 oi)i 4 NQ and even ^41^6*^24^ JO- 

Yet another objection to the physi:‘.al polymerization idea 
is to bo found in the Ijcliaviour of rubbe . when heated. Umler 
ordinary pressure, heated rubber shows exactly the phenomena 
ordinarily observed when a complex substance undergoes 
complete disruption; whilst if the heating be done under 
reduced pmssure, cyclo-ootadinnc derivatives are not formed, 
but instead it is found that the simplest compound in the 
distillate contains at least twenty citrbon aloms.t 

This docs not o.\haust the evidence against Harries ’ idea ; 
but it is suinoicnt to indicate some of the weak points of his 
hy])othesis. 

Tickles proposes a formula which certainly avoids these 
dilliculties. Ho suggests tluit rubber consists of long chains 
built up from the group OsHh by normal ])olymerization : — 

CITj CHj CII3 

1 i I • 

...C— CH--[CHJa— C^ClI-LCHgJa- U=C H— [CHaJg- .... 
The oxidation results require that the two ends of the cliain 

' Picklos. 2Vans., 1910, 97, 1086. 

* Ilairiea {Annalen, 1911, 888,^27) endeavoura to got ronud ibis by 
soggOBiing that the oromo-derivabive is an adsorption compound, an hypo- 
thesis for which he addooes no eridenca. 

t irarries {ibid.) asserts, in reply to this, that most terpene nitrosites are 
bimolecular, which would reduce the luhber nitrosito to 0„Uf,0,Na, thus 
making the G« ring possible. 

{ Harries makes no reply to this argument. 
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should be linked together; and Pickles assumes that at least 
eight OsHe complexes are included in a ring. To account for 
the ozone results, Pickles proposes the hypothesis that after 
the formation of the ozonide, the linkage between the cai'bon 
atoms is ruptured whilst the ozonide chain remains intact till 
later; — 


Cll, Olf, CH, 

— CH,-CH,-G -CH-CH.-CHa-i 

CU, ^ Cir, CH, 


I 


-CHj— OH.— 0 - dn-CH,-CH.-(j OH-Oir,-CII.-Ga- 

a-.a™i o-o-i 

OH, on, ; 

-CH.-OH,- i : CH-CH,-GII,— (1 


II : H 
0 -= 0=0 


on, 

OH -01I,-0H,-C= 


0 « 0^0 

} 


Peroxide. 


Lflevuliiiio 

alilohydo. 


Peroxide. 


This proposal certainly throws less strain upon the chemist’s 
credulity tliau is demanded by IfaiTies’ hyi)othe8is; and it 
appears to bo supported by the work of Ostromisslonski.^ 


3. The Anolo-ITkenoii Synthesis ok Autificial Kubjieu. 

* «■ 

In devisiug a manufacturing process on a large scale, tJio 
iirst point to be considered is tlie possible supply and price of 
the raw material involved.^ A syntliesis of rubber on a com- 
mercial scale might imply a demand running up to 100,000 
tons ; and before proceeding further it is necessary to make 
sure that this demand can bo filled without producing a short- 
age in the raw material. 

Turpentine appeared at first sight to be a suitable starting- 
point ; but the imports of that substance into this country in 
the years previous to 1910 were found to average less than 
29,000 tons per annum; so that the additional demand for 

' OstiomisBlenski, J. Bust, Phy». Chem. Soc., 1916, 47, 1939. 

* For a oomplote account of the h’stoty of theByndioate’ii work, eee Perkin, 
J. Soc. Chem. Ind., 1912, 81, 616. 
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throe times that quantity would disturb the market and cause a 
rise in price which it would be difficult to estimate. Acetone 
was ulsa ruled out by the question of cost ; since, in order to 
compete with natural rubber, the artificial substitute must be 
manufaoturod at a price not exceeding one shilling per pound.* 

The choice of ^le syndicate fell upon starch, which was 
roadily obtainable at a low price. An alliance was made with 
Kcrnbach, of the Pasteur Institute; and this investigator 
worked out a fermentation process whereby starch (from maize 
or potatoes) is convertible into fusel oil by one method and into 
acetone by anotlier. The fusel oil thus obtained was found to 
ooiilaiii an exceptionally high percentage of butyl alcohol. 

The next stage in the process consists in treating butyl 
alcohol with hydrochloric acid gas, whereby it is converted into 
butyl chloride. 

]3y Uie sictiou of chlorine, a mixtuu? of dichloro-derivatives 
is obtained from the butyl chloride; and an apparatus was 
devised which checked tlie formation of more highly halogenated 
compounds. The final product contains a mixture of 1,2-, 1,3- 
and 1,4- diohlorobutane. 

Contrary to what might have l)een expected, these substances, 
when passed over heated soda-lime, all give rise to the same 
product : butadiene : OKj : CH . CH : CHg. Apparently in- 
tramolecular change takes place in the ctise of 1,2-dichlorobntane, 
or its product, under tho iiitluencc of the soda-lime. 

The ikial stage, conversion of the butadiene into artificial 
rubber, is carried out by allowing tho hydrocarbon to stand in 
contact with a small quantity of sodium, the length of time 
required niuging from hours to weeks and being dependent 
upon temperature conditions. 

Another method of obtaining artificial rublier has been 
suggested by Perkin, starting from amyl alcohol The alcohol 
is converted into amyl chloride ; tho latter is then chlorinated, 
as in the cose of butyl alcohol, producing a series of dichloro- 
derivatives which, when passed over heated soda-lime, yield 
isoprene. By treatment witH metallic sddium, the isoprone 
polymerizes to an artificial rubber which is different in constitu- 
tion from the butadiene rubber. 


* These figures refer, of course, to pre-war prices. 
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s. 4. Natural Kubber and the Artificial Rubbers. 

It must be clearly borne in mind that the synthetic rubbers, 
though they have many resemblances to natural rubber, aro not 
identical with it in chemical constitution. Some of them, ns is 
evident from their raw materials, are obviously different; 
whilst even in the cose of isoprene polymers wc cannot safely 
assert that their identity with natural rubber is proved.' 

Harries ^ states that the autopolymorizatiun of isoprene gives 
rise in the main to what ho calls a normal *' product ; but that 
along with this is formed in small yield a different substance. 
On his ring-hypothesis, the formuhe of these bodies are shown 
below : — 


C-CIIa C-Cn, (J-CH3 

i , ■ 

II I . no cii 

H ' if,u (iir 

' < I . ! 

lljC ('ll, or 'H,<; Cll.Cllj 

‘ , \/ 

C— C'lr,® Cil-CIIjij: 

Normiil form. By-product. 



'\ 

y/ 

TIC 

CHa . 

! 

TIC 

j 

HaU 

! 

1:112 

HaV 


1 

OH 

HaO 

\ 

/ .. 

\ 

\ 


The proof udducod in favour of the by-product structure is 
that he thinks he isolated incthyl-glyoxal among the decomposi- 
tion proilucts of the osonide.* 

Tn the case of tlic polymer of dimethyl- butadiene, two 
ozonidos were obtained which, 011 decomposition, yielded 
acctonylacctoiie and some strong reducing siihslances. From 
this Harries deduced that along with the “normal" }K)lynicr 
in this case there must be produced another whudi yields the 
reducing material, assumed by him to 1 )e a koto-aldehyde. 
For the two forms which he imagines exist he has dGvj.sc<l the 
following formulas, which may possibly be established when 
any definite evulence in their support is produced : — 

' OstromliwlcnHki, J. Phya. Cltam. Soc., 1916, M, 1071. 

* Harrios, AnwUn, 1911, 388, 184. 

* ** Unter diesen wurde ein Frodukt foslgestollt, wdehes Ich fur Methyl- 
glyoxol ansptechen mSohte.” 


1 
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OHj.C-CH^Hji-C.ClI, CH,.(>-*-CH-CH^CH.OH, 

CH,. a-CHj-ClI^C.CH, CHj.OH— CH,-CH=;=C.CH, 

Normal form giving By-product dying a 

Aoetonylacotono. Koto-ddonyde. ^ 

Further results were given in a later paper.^ An ex- 
amination of tlio rate of decomposition of various ozonides 
was carried out by the following method. About 10 grammes 
of the ozonide were suspended in 100 grammes of water and 
heated under a reflux to 120''-125" C. Every quarter (or half) 
hour the mixture was shaken until the ozonide stuck to 
the walls of the vessel ; the clear liquid was then poured oiT ; 
the vessel and ozonide were dried for some hoims in vacuo and 
then weighed: the decanted liquid was poured back and a 
fresli experiment begun. From the loss of weight in the 
ozonide the amount of decompositiou was calculated. 

Harries states that the rates of oz( aide decomposition were 
similar for natural rubber and for autopolymerized isoprene. 
Divergency was noted in the case of a rubber obtained from 
piperylene, CH 3 . CU t CH . CH : CHa, which is not astonishing 
in view of the fact that piperylcue-riibber gives ozonide de- 
composition ])rodnct 8 dilTering entirely from tliusc of natural 
rubber. 

Tlie decomposition curves of the ozonides derived from the 
rubbers obtained by the sodium-polymerization process dilferj 
according to Harries, from the curve for the ozonide of natural 
rubber ; but it must be noted that lie himself points out that 
even natural rubliers diffiir among themselves in the readiness 
with which they form ozonides. 

The same method has been applied to the case of syntheiic 
1 : 5-cyclo-octadiono ; and Harries states that its ozonide, breaks 
down at almost exactly the same rate as the ozonide of. 
butadiene-rubber. From this he claims to have proved that 
Ids eiglit-membered ring hypothesis is correct ; but it appears 
that if Pickles’ postulates as to the structure of the ozonide 
were applied to this case the argument for his formula would 
hold just as well. The matter must therefore be regarded as 
su^judicCf the more so since the real value of the decomposition- 
velocity mbthod is by no means thoroughly tested yet. 


1 HanieB, Avnaien, 1912, 806, 211. 
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OptromiBslenski ^ has obtained by the polymerization of 
vinyl bromide a material which ho terms caouprene bromide. 
This exists in three forms a->-/3>y which, when submitted to 
the action of ultra-violet' light, are capable of change in the 
■ direction shown by the arrows. Boiling with anhydrous acetic 
acid has a similar eflect. The bromide nf Harries’ butadiene- 
rubber, which also exists in three modifications, is either 
identical or isomeric with caouprene bromide. Ostromisslenski 
does not accept Harries eight-membcred ring hypothesis, but 
I'Cgards caouprene bromide as constituted in the following 
manner : — 

CHj CHBr-CHa-CHBr-OHj CHBr 

CHBr-OlI, CHBr-OH,. ... 

whore tho dotted line represents an unknown number of 
— Clli . CHBr — groups. Both caouprene bromide and butadiene- 
rubber hroiidde, when ti'eated with zinc dust, yield the same 
rubber, apparently buhuliene-rubber. 

The work of Ostroniisaleuski ‘ has Ixion so fertile in this 
field during recent years that it seems regrettable that his 
papers ore published in a language which few British chemists 
can read. Ho has apparently made a very complete investiga- 
tion of tlie methods of preparing butadiene, no fewer than 
twenty-nine of these being desmibod'in a single paper. 

Ostromisslenski differs^ from Harries with regard to the 
classification of the rubber-like materials produced by^synthetic 
methods. In his view, the physical properties of tho product 
are better indices of its nature than tho results of decomposition- 
reactions have proved to be. For example, a determination 
may be made of the temi^eratures at which an artificial rubber 
acquires and loses its elastic properties ; and if these temperatures 
agree approximately with thosefor naturalrubber, Ostromisslenski 
considers that the synthetical substance is “normal." If, on tho 
other hand, there is little agreement here and if tho range of 
temperature over which the artificial product remains elastio is 
different from the range found* for natural rubber, then the 
artificial product would be regarded as “ abnormal." 

^ OHtionilBaleoBki, /. Bum. Phys. Chem. 8oe., 1912, 44, 204. ^ 

^ ■ OatromiBsleiiBkl, J. Bum. Phy$. Chem. 5oe., 1016, 47, 1874, 1472, 1494, 
1607, 1928, 1982, 1937. 1941. 
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The complexity of the iwocesses whereby synthetic rubbers 
are formed is well illustrated by some of Ostromisslenski’s results. 
When isoprene is kept at a temperature of 80^-90^ it forms an 
open-chain dimeric form named j3-myrcenc. This substance, on 
polymerization by the sodium process, yields a “normal” 
rubber; whereas isoprene itself, when treated with sodium, 
gives rise to an “ abnormal ” polymer. 

Isoprene Csfls Abnormal rubber 

/3-Myrcene CioHir, Normal rubber 

LebedefT^ has investigated the polymerization of divinyl 
derivatives containing conjugated double bonds. The reaction 
pi-oducts contain cyclohexcne compounds as well as a resinouK 
material derived from cyclo-octadieue. Low temperatures and 
the action of light favour the formation of the cyclo-octadiene 
compounds: while cyclohoxene derivatives are produced at 
higher temperatures. Substances of the alleno type give rise to 
cyclobntane compounds. 

« LebodflfI, I. TUlii,. Chm. Soc., 1910, 48, WO; 1911, 43, sao. 
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THE ALKALOIDS 
A. — (Jknkiial. 

When wo attempt to define wliat wc mean by the term 
“alkaloid” our ditficultieH are not small. On the one hand, 
our definition may be so drawn as to include almost every 
naturally occurring nitrogen-compound, which is obviously 
iiselesa as a mode of classification ; or it may be so narrow as 
to excluclc some of tlio most important of the substances which 
are usually included in tbe alkaloid group. The most geiieml 
definition is porha[)s tho best ; and for our present purpose wo 
shall ti-uat os alkaloids those naturally occuiTing substances 
which contain cyclic chains, of which at least one member is a 
iiitrogou atom, 'fhis (lefiiiition opens to us n mucli wider field 
than we can possibly attempt to cover in tlio S|>aco at our 
disposal, and in the following pages we shall aim at describing 
the syntheses and constitutions of a few typical compounds 
rather than at a survey of the wliolo subject. ^ 

Practically all the important alkaloids are found in the 
tissues of vegetables ; and if we except xanthine derivatives, 
we might have modified the definition given above by limiting 
the term“alkaloiil ” to basic substances found in plants. 

As the following pigus will show, tho chemistry of tbe 
alkaloids resembles that of tho aromatic compounds, in that 
each ohu^s seems to bo built up upon the basis of one sub- 
stance. In the aromatic series benzene lies at the root of all 
the compounds, howover complicated they be ; whilst in the 
alkaloids pyridine a|)poars to be equally essential. And just as 
among tho aromatic types we find a benzene ring condensed 
with other cyclic chains, so in the alkaloids we may discover 
compounds in which the pyridine ring is overlaid witli others. 
Even the derivatives of the purine group may be considered to 
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be derived from pyridine by the introduction of a second 
nitrogen atom into the ring. 

With regard to the occurrence of the alkaloids in nature, 
veiy little generalization is possible The monocotyledons seem 
to he richest in members producing alkaloids ; while among the 
cryptogamia there appears to be no alkaloid-formation. Just as 
little regularity is found with regard to the distribution of the 
alkaloids in the various portions of the plant structure, but 
alkaloids are chiefly found in the fruits and sap or, in the case 
of trees, in the bark. 

Since in most cases alkaloids occur as salts, they are 
obtained from the actual plant tissues by the action of alkali, 
which liberates the basic part of the molecule. If this be 
volatile in steam, the alkaloid is obtained in this way ; but if it 
bo not thus volatile it is oxtracted from the tissues by treating 
thorn with acids, which dissolve the alkaloids, forming solutions 
of their salts, from which the free alkaioid is obtained by the 
action of alkali Final puriflcatioii is carried out by ciystalli- 
zation of the alkaloid or of its salts. When extraction is 
carried oUt on a small scale, chloroform is often used to remove 
alkaloids from the tissues in which they occur. 

The majority of alkaloids are solid substances, but one or 
two are liquids wliich can be distilled without decomposition. 
Nearly all of tlieiu have powerful actions upon the animal 
organism ; but owing to our ignorance of the relation between 
chemical /sonstitution and physiological action, not much can 
be said on the subject. In most cases alkaloids are found to 
possess bevo-rotation, and it is very seldom that both optically 
active forms are found in nature. 

B. — Methods Employed in the Determination of 
Alkaloid Constitutions. 

After wo have carried out an elementary analysis of an 
alkaloid we are in a position to state its percentage composi- 
tion, and by a molecular weight determination we can estimate 
the number of atoms which its molecule Contains. Tlie next 
step is the determination of the mode in which these atoms 
are linked together in the alkaloid molecule, and we shall now 
give a brief account of some common reactions which are 
employed to solve this problem. 
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In the fmt place, since many alkaloids are known to be 
estets it lb usual to employ some hydiolytic method m order to 
see wliether 01 not the alkaloid molecule can be decomposed 
into some bimplei grouping To this end the alkaloid may be 
heated with water, acids, 01 alkalis until it is decomposed into 
its component amd and base. Thib method, while bieaking 
up any salt or ester, does not, except m a few coses, lesult m 
any fuitliei destruction of the body, so that liom the con- 
stitutions of tlie two halves wo aio able to deduce the con- 
stitution of tlie paieiit substance 

This method of decomposition, howovbr, may not caiiy us 
tar enough, and it is usually seconded by a moie violent action 
loi instance, the alkaloid miy be fused with alkili, dibtiUed 
with /me dubt, heated with bromine 01 phosphoiic acid When 
icagents such is these ore employed, the le&b duiable part of 
the molecule lb usually shatter^ , and iti the iciction-pioduct 
we find sonic stiblo nucleus such as p>iidiue, quinolme, or 
ibuqumoline iioiu which the whole alkaloid is deiived 

Agam, mail} ilkaloids cyisi in the form of methyl ethers 
These can be biokcu up b} boilm,r with hydiiodic acid fZeisers 
method), and by pissing the methyl iodide thus torinid into 
iilvcT iiitiate solution the iimnbwr ot iiielh}! ridicils spht ofl 
hy thehydiiodu icid mij he estimated, ind thus the numbci 
ot methowl ^luiiijs m tlie alkaloid can be isieitamid 

When the alkiloid contains in ox)gen atom, it is of 
impoitiuee to diteimiiic whether this oceurs m a carbonyl, 
carboxM, liydrox^l, 01 cthei gionp Iho first is detmmiued in 
the usual w 1} b} the action ot phenylhydia/me 01 hydroxy 1 - 
amiiie, the h^diox}! oroup cm usuilly be detected by 
aeylating it or by the action of dihydiatiiig ogdits, wliieli 
split oil water and Icive on unsatniated substuiio, while if 
the alkiloid is an alk}l ethei it can often be decomposed by 
/eisel'a method If the carboxyl gioup ocems in tho alkaloid 
under examination, thoro is not much difheulty lu detoctmg its 
presence 

All alkaloids contain nitrogen, but it is necessary to dis- 
cover m what way this nitn^n is linked with the ^t of 
the molecule. Herzig aud Meyei liave devised a method of 
determination U 1 methyl imino groups which is veiy useful in 
this branch of research Xhe h^driodides of bases m which a 
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methyl group is attached to nitrogen, when heated to about 
300° C., split off methyl iodide, which can be estimated with 
silver nitrate just as in the ease of the methoxyl group. A 
somewhat similar decomposition results in the reaction which 
is usually termed “exhaustive methylation.” Here, by the 
action of methyl iodide and silver oxide, assisted by dry dis- 
tillation, a cyclic niiixjgen compound may be made to lose its 
nitrogen atom with but little alteration in the rest of the 
molecule. The formuhe will make the process clear without 
further explanation 


A”* 

H.C (|H. CHI H.C CH, Di.iili H.C^CH 
H,C^ CH. As.O H,C^ jzn. -H,0 H,C^ Ih, 


Y 

CH, 


CHf^rOH 

Cll,^ 


A- 

CHf ^CH 




'0^ 


m ,CH. 

n,c CH M ciicii 


H,C CH. 
HO-Yi— CH. 
ciif xh. 


CH,CH, 


+ N(CH.).+ H.O 


The final stages in determining tlie constitution bf any 
alkaloid arc usually those in which the oxidation products of 
the substance are studied. All the agents employed are well- 
known, so it is iinneoessary to describe their aclions. The 
most useful aro pr)tassium permanganate, hydrogen peroxide, 
dilute nitric acid and chromic acid. 


C.— The Pyubolidine Gboup. 


The alkaloid nicotine stands iu a position midway between 
the pyridine and the pyrrolidine groups ; for, as will be shown 
presently, it contains both a pyridine and a pyrrolidine 
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nucleus. It therefore forms a convenient bridge by which 
we can pass from the considemtion of the one class to the 
other. 

Nicotine is a basic substance having the composition 
O10H14N2. Its constitution has been established by means of 
the following reactions : — 

]. Nitric acid, chromic acid, or potassium permanganate 
oxidize nicotine ^ to nicotinic acid — 



2 . By the action of bromine upon nicotine, two derivatives ‘ 
are formed — • 

(a) Dibromocotinine, CioHioBr2N20. 

(ft) J libromoticoiiiuc, C|QHi<Br2N2C)2. 

WJieu lUbrumocotiumc is decomposed by bases it gives 
nutthylamine, oxalic acid, and a compound C7ir7NO. 
By the same treatment dibroiiioticonino yields raetbyl- 
amiiio, inalonie, and nicotinic acids. 

4 . Nicotine is a di<tertiary base,^ giving two isomeric 
methyl iodide addition products. 

From the first reaction it is obvious that iiicolinfj must be 
pyridine, with a side-chain in the /9-positiun. 

O -CfiTIiuN 

From the third reaction it is clear that of the two nitrogen 
atoms in nicotine, one carries a methyl group. This one 
cannot bo the pyridine nitrogen. Further, the second nitrogen 
atom (which does (Any the methyl radicle) cannot Imlong to 

* Huber, Annalen, 1867, 141. 271 ; Woidel, Annalen, 1873, 166, 828 ; Laibliu, 
Her., 1877, 19, 2136. 

* Pinner, Ber., 1803, 96. 292. 

* Pictot and Gonequaud, Ber , 18r7, 80, 2117. 
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a pyridino ring. We may tliiis go a step further, and represent 
nicotine by the formula—; 

[^-CsU,:N. CH, 

Again, the third reaction shows us that dibromocotinine 
and dibromoticouiue give rise to three carbon chains — 


c-...cir2-c — O.C— 

AUoiiio ticid ohain. Oxalic acid chain. 0,H,NO chain. 

These must bo somehow combined in iHe nicotine molecule, so 
we may write the nicotine skeleton thus — 


C-C 




To this we must attach the group; sN.CHo in some way. 
From the^ fourth reaction we deduce that this nitrogen atom is 
a tortiaiy one, so that the two isomeric methyl iodido addition 
products may be explained by the addition of methyl iodide 
to a different nitrogen atom in eaoli cose. But if tiie group 
: N . CH3 is to contain a terb'ary nitrogen atom, and also to } j 
attached to the nicotine skeleton given above, the only way is 
to make the nitrogen atom a member of a ring. The con- 
stitution of nicotine would then be — 



Nicotine. 
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The synthetic preparation of nicotine proved to be a much 
haixler task than was anticipated. The first steps were taken 
by Pictet and Crdpieux/ who, by heating jd-amido-pyridine (I.) 
with mucic acid, were able to produce (II.) N-/3‘pyTidyl-pyrrol. 
like many other N-alkyl derivatives of pyrrol, this substance 
when passed through a heated tube undergoes a molecular 
rearrangement, in the course of which the pyridine group is 
transferred to the carbon atom next the nitrogen in the pyrrol 
ring. The compound thus formed is a/3-pyridyl-pyrrol (III.) — 


(I.) 



S-amido-pyridine. 


(II.) 


CH=.CH 



N -S-pyridyl-pyrrol. 


( 111 .) 

HC-CH 



a-pyridyl-o-pyrrol. 


From this substance Pictet ^ continued the synthesis in the 
following way. The «/?-pyridyl-pyiTol forms a iTOtassium salt, 
tlie imino-hydrogen of the pyrrol group being replaced in the 
usual way by the metallic atom; and from this salt, by tlie 
action of methyl iodide, we obtain the methyl derivative of 
the iodomctliylate (IV.). On distillation with lime, this forms 
.the base nicotyrine (V.) — 


(IV.) 

HC-CH 



(V.) 

lie -CH 

I 

II ‘ 

-0 CH 


yv I. ■■ 

U -C Cl 

Y 


CH, 
Nicotyrine. 


Now, this body cannot be reduced direct to nicotine, for any 
agent which attack&the pyrrol zrucleus will, at the same time, 
reduce the pyridine ring. The transformation can be carried 
out in the following way, however. The nicotyrine (V.) is 

* Pictet and Ordpienx, Per., 1895, 88, 1904. 

* Pictet, Cmwj^. reneZ., 1903, 187, SCO. 
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treated with iodine in alkaline solution, by which means a 
mono-iodine derivative is })roduced ; it in turn is acted on by 
tin and hydrocliloric acid, whereby it is partially reduced, 
forming dihydro-uicotyrine (VI.). This substance reacts with 
bn)ininc to form a perbromide, 05114^ . C5HBN . Br4, which, 
by reduction with tin and hydrochloric acid, yields inactive 
nicotine (Y 11 .). This racemic base can, like coniine, be resolved 
into its antipodes by means of tartaric acid; so Uiat in this 
way the syiitliesis of licvo-nicotine, corresponding to the 
natural alkaloid, can be accomplished — 



(Vt.) 

11 

1', 

(VII.) 

0H,-on, 

-C CTl.. 

oil. 

\/ “ 

\/ 

N 

V 1 

(vKa 

OH, 


I )i hydrO'Uicotyrino. 


Nicotino. 


% Tropituj)ic, T rapine^ and yff-l'mpiiu* 

Hitherto we have confineil our attention to compounds 
which contain isolated rings of carbon and nitrogen atoms; 
but with the tropine series wo enter a new class in wliich we 
shall liave to deal with bridged rings analogous to those of the 
dicyclic terpencs. The lirst member of the group is tropinone. 

This substance was originally prepared by an cxti'omel}' 
roundabout method;^ but a new direct synthesis has becii 
devised by llubinson,^ so that it is unnecessary to describe 
tlie older method, which involved nearly twenty stages. 

Siicciudialdehydo (obtained from succindialdoxime and 
nitrous fumes) was allowed to interact in aq^ueous solution 
with uiethylamine and acetone for half an hour, when it was 
found that tropinone was formed — , 

* The Giook 4 is nsod instead of the word ** pseudo." Thus 4-tropino 
roprosouts psoudo-tropiiio. 

* Willscattor, dnnolcn, 1901, 817, 268 ; 1903, 886. 1; Ber., 1901, 88, 3168; 
WillHliitter aud Iglauer. ibid., 1900, 83, 1170. 

Uobinson, Trans., 1917, 111, 768. 
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CHa -CJ£0 CHs 

NHj.CHs CO = 
CH 2 -CIIO CHa 

SuccindiRldebyde. Acotono. 


CHa-CH CHa 

I I 

N. CH, CO +2H,0 
CH,-('h CIIj 

Tropinoiic. 


' Better yields can be obtained by substituting for acetone 
the ester or calcium salt of acetone dicarboxylic acid. The 
intermediate product is a tropinone dicarboxylic acid from 
which two molecules of carbon dioxide can be split olT by 
acidifying and lieating the solution — 


CH,— GHO 

NIIj.CH, 

OH,— GltO 
Siicciiidialilchydo. 


GH,.GOOG,H, 

1 

CO > 

in.-COOGall, 

Acolimo dirnrboxylir 
OHtcr. 




cii, -OH on : cooG jj, 

N.CH, (io 

cil,- CJII oil . COOGjIJ, 

Tropinone liicarbnxyltc ester. 


CH,-CH GTr, 

N.cir, do 
OH,- All (!h, 

Tropinone. 

From tropinone, tropine itself can bo obtained ^ by tlie action 
of zinc dust and coi]centrat(,Hl hydriodic acid — 

Clfa-Cl£ — -CHa 

Jr. on, (in. on 
OH, -in- I’Hg 

Tropino. 

Tlie isomerism of tropine and ^-tropine may be explained 
very simply. If the space formula of a compound having the 
constitution of tropine be built uj), it will be found that there 
are two possibilities : the hydroxyl and the methyl groups may 
lie on the same side of the ring os in (A), or on opposite sides 
as in (B)*- 


1 WilUtifctter and Ig\auAi, Her., 1000. 88, 1170. 
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cn.-CH- 


(A.) 


-OH, 


OH, 




OH 


CHa-CFI 


H 


0 

/I 




OH, 


(B.) 

OH, -OH 


-OH, 


on. 


I OH. i H 

^ IT 
I HO^ 

-OH OH, 


Of the two, tropino is the labile isomer, so that we can 
convert it at will into ;/^-tropine. 


3 . TroTteAnid. 

lly the synthesis of tropine we have approached that of 
another alkaloid, atropine. This subsi.ince, when boihid with 
baryta water, breaks down into tropine and tropic acid. We 
have thus established the constitution of half the atropine 
molecule; and in the present section we shall deal with the 
constitution of the other portion. 

Tix)pio acid has been synthesized by Ladenbuig and 
.Kugheimor.' Acetophenone is treated witli peutaohloride of 
phosphorus, whereby the oxygen atom is replaced by two 
chlorine ones, and acetophenone chloride is formed. This is 
allowed to react with potassium cyanide in alcoholic solution 
to form the nitrile of atrolaotinic othyl ether — 

CHs 

C«Ur-(CoKt 

The nitrile is . then hydrolysed, forming the acid. When 
this body is boiled with concentrated hydrochloric add it loses 
alcohol, and is converted into^atiopic acid — 

OH, 

(Wr-d^OOH 

' Ladenbnrg and BOgheimar, Ber., 1880, 18, 876, 2041. 
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Hydrochloric acid then attaches itself to the double bond, ' 
yielding j3-hydrochloratropic add — 

CHjCl 

CfiHs-CH-COOH 

This substance, wlien boiled with potassium carbonate, 
exchanges a chlorine atom for a hydroxyl group, and is 
converted into tropic acid — 

CHjOH 

CflHo-CH-COOH 

Tropic acid. 

4. Atropine. 

The constitutions of the two halves of tho atropine molecule 
have now been established, and the atropino synthesis can be 
carried out by treating a inixtiiro of tropiue and tropic acid 
with hydrochloric acid gas in the usual way.^ Atropine, 
therefore, is the tropinc ester of tropic acid, and it must have 
tho constitution shown by the following fonnula : — 

Clla-CIl- (JHa CH.OH 

I I I 

N.ClIa CJI.O.CO.ClI.CcHft 

CHj-CII -OH, 

Atropine. 


5. Eegowine. 

Tropinono forms salts with alkalis, and thesi^ by treatment 
with carbon dioxide in the usual way, can be converted into 
the alkali salts of carboxylic acids.* In the case of the sodium 
salt, it is suspended in ether, and carbon dioxide is passed 
through the liquid at ordinary temperatures; the resulting 
product is tho sodium salt of tropinone carboxylic acid, and 
when this is reduced with sodium amalgam in a weakly acid 

1 Lodonborg. Bcr., 1879, U, 941 ; 1880, 18, 104. 

> WUlat&tter and Bode, Ber., 1900, 88, 411. 
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solution it yields a mixture of two isomeric bodies having the 
same ooraposition as ecgonine, OflUHNO . COOH. 

The two isomers, however, differ in character. The one 
has all the properties of ccgonine, except the power of rotating 
the plane of polarization ; it is a true oarl)oxylic acid, forming 
salts and esters, it also possesses a free hydroxyl group, and can 
bo converted into esters by acids. The second isomer, on the 
other hand, behaves quite diilerently. It possesses no free 
liydroxyl group; nor can it be estcrified by the ordinary 
methods. An explanation of the formation of two such 
substances is to be found by considering tlie character of the 
sodium derivative of tropluone. 

It is well known that the sodium salts of ketonic bodies 
usually exist in the enolic form, so that we should incline to 
write the formula of the tropinoue sodium salt thus — 

CHa- (JH CH 

I 

N Cir, 0-0 -Nu 
Oil, ill- — CH, 

The action of carlion dioxide upon this would produce a 
sodium salt whoso constitution could be written — 

Cllj CU CH 

I i. 

N.Cir. C-O-COONa 

I 

CIT, CH OH, 

This body forms by far the greater proportion of the reaction 
mixture, but since the sodium salt of tropinone exists in the 
koto- as well as in the enol-form, part of the end-product will 
have the constitution shown below — 


CHa-CH 

1, 

CH.Na 

1 

C 

1 

N.CII3 

CO 

1 

• 

CUr-Oll 

-CH* 

CJ 


Clfa-CH CTI.COONa 

I i 

N.CH3 CO 


I 

Cllj,-CH 


'CH, 


This lost substance, on redaction, would give us the 
alcohol— 
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CHa-CH OH . COOH 

ir.CH. (III. OH 

I I 

CH,-UH CH, 

which proves to be racemic ecgoniiie. 

G. Cocaine. 

From ecgoninc, cocaine can bo prepared by ben/oylating the 
alcohol riidicle, and then esterifying the carboxyl group witli 
methyl alcohol — 

OHa-CH CII.COOCH3 

N.CHa Cir.O.CO.CuHf, 

oiij-djii (Hr, 

Cocaine. 

]).— The Quinoline (Ieoup. 

1. The CoiLstitutiwa of 

The alkaloid cinclionino has the compoaition CioUaa^lNa. 
The oxygen atom forms part of a hydro.'cyl group, as is shown 
by acetylation ; and the two nitrogen atoms are tertiary ones. 

I. When cinchonine is oxidized by means of chromic acid 
and sulphui'ic acid^ it breaks down into two substances, 
cinchoiiic acid and mcroquhione, in accordance with the 
following equation : — 

Ci«jHaaONa + 30 = CoJl70jjN + CmTIisO^NT 

CiucLoiiiiiu Ciochonio Moroquiuono, 

acid. 

Cinchonic acid has been shown to bo a quinoline carboxylic 
acid of the formula — 


COOH 



BO that cinchonine itself must be a y-quinoline derivative. 
1 KSnigs, Her ., 1804, 97, 1601. 
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For tho sako of convenience, we will refer to the two halves 
of the cinchonine molecule as tho “quinoline half” and the 
“ second half.” It is obvious tliat the hydroxyl group which 
is known to exist in the ciuchoniiie molecule must be situated 
in the "second half”; for if it were in the “quinoline half” it 
would appear in dnchouic acid. We may therefore formulate 
cinchonine in the following way : — 



II. Now, when cinchonine is oxidi^sed with potassium 
permanganate^ instead of chromic sicid, tho decomposition 
products are quite different from those obtained before. The 
reaction takes the course shown below — 

C„HjaONj + 40 « OigHaoO^Nj + H . COOIT 

Citiohonino. Cinebotomne. 

Tills new oxidation produot, cinchotonine, contains the 
quinoline nucleus (as is shown by its behaviour on further 
oxidation). It is therefore produced by a decomposition in 
the “second half” of the molecule. It contains a hydroxyl 
and a carboxyl group. Cinchonine can take up one molecule 
of a halogen acid, but cinchotenine has lost this property. 
Hence the group OHg of cinchonine has been split off, leaving 
the carboxyl group in oinohotenina We may tlius carry nur 
deductions a step further, and write the formula of cinchonine 
in the following way ; — 

rCHg 



1 Kfiniga, AnwOen, 1879, 197, 874. 



THE ALKALOIDS 


i%r 

III. We must now turn to a different reagent When 
cinchonine is treated with phosphorus pentachloiide and then 
with alcoholic potash it loses a molecule of water and is 
converted into cinchene ^ — 

CigUggONj — UgO = CioH^Xj 
^ Ciuchouine. Oinchoue. 

When heated with 25 per cent phosphoric acid,^ cinchene 
takes up two molecules of water and is decomposed into lepi- 
dine and mcroquinene — 

+ 2\liO = C,oHj,X + GbHiAN 
Giuchono. Lopidiuo. Meroquineiio. 

Jjepidine is known to have the formula — 


GH. 



IV. Mcroquinono is the next substance whoso decomposi- 
tions must be examined. When it is oxidized with an ice-cold 
mixtui'e of sulphuric acid and potassium permanganate it gives 
cinchuloiponic acid" — 

GalfijiOaW + 40 = GhHiAN + H . GOOII 

Moroquiuouo. • Cinclioloiponic 

aoid, • 

This, by the action of aqueous permanganate, is converted 
into loiponic acid * — 

GhHiAN + Oj = C 7 HUO 4 N + II . GOOH 

Ciiicholoiponia acid. Loiponic acid. 

Loiponic acid is an unstable form of hexahydi'ocinchomcronic 
acid, for on heating with caustic potash it is converted into that 
substance by isomeric change. By assuming the strtieture of 
loiponic acid to be the same as that of hexahydrocinchomeronic 
acid (the cmijig^iralimis of tlie \wo being different), we can 

‘ Comstock and KSnigs, Der., 1884, 17, 1'JSS. 

* ^DigM, Her., 1890, 23, 2677 ; 1894. 27, 900l 

3 Ibid., 1895, 28, 1986, 3150. 

« Skraup, Monatsh., 1896, 17, 377 ; KSnlgs, Ber., 1897, 80, 1329. 
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work back step by step to meroqiiinene, whose formula must 
therefore be that shown in the series below — 


CHj.COOH 

OH,. OOOH 

OH 

1 

OH 


n,d^ COOH 

1 1 

HjO OH, 

1 1 

HjC OH, 

\/ 

\/ 

NH 

NH 

Muroquinene. 

Cincholoiponic acid. 


COOH 

in 

Ji,d^ '^n.cooH 



Loipouio aeid. 


The position of the — CHj . OOOH group of meroquiiicue 
is uncertain. 

The formula above is due to Kouigs, but the alternative 
put forwai'd by Miller and Eohde ^ — 

cu,-c -coon 


HjC CHj 
NH 

has probably os much to recommend it. 

Of the ten carbon atoms of the “ second lialf ” we have thus 
established the mode of linkage of eight: five in a piperidine 
ring, two in a vinyl group, and one in a methyl or methylene 
group. The ninth carbon atom of the se^-ond half” must be 
utilized in joining the two halves together. Thus we have only 
to determine the position of tlie tentli carbon atom of the 
“ second half.” 

> MiUer aud llohde, iter., 1896, 98, 1060. 
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V. It will be remembered that the two nitix»gen atoms 
of oinchonme are tertiary; but it has been shown that the 
nitrogen atom of meroquinene is a secondary one. This has 
been established by the usual reactions of the imido group, and 
agrees with the constitution which we have ascribed to mero- 
quinene in the previous paragraph. This peculiar behaviour 
of the nitrogen atom can best be explained by the assumption 
that in the “second half” of cinchonine wo have a nucleus of 
cither of the types (I.) or (II.) — 


KonigB* viow. v. Millot'R view. 



When such a nucleus as (I.) is heated with dilute acids it 
will undergo intramolecular change into an imido-kotone in the 
way expressed by the formula (la.) below. If the type (II.) 
bo chosen instead of (I.) the analogous substance (Ha.) would 


be produced in the same way — 


• 



• 

( 

311, 

.-CIt\ 




1 

1 



.( 

\ 

: C CIT* 

( 

N. 

✓ 


1 1 



:C 

C: 

1 —CO 



1 -C 

30 1 

:C 

C: 

:0 

C: 




NH ' 

(la.) 

• 

• 

(Ila.) 

Such a change actually occurs 

when cinchonine is heated 


with dilute acetic acid; an imido-ketono results, which, on 
account oi' its poisonous properties, is named “ ^ 

^ Miller and Bohde, Her., 1894, 87, 1187, 1279 ; 1895, 88, 1056. 
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Thus it is apparent that across the piperidine ring there is a 
bridge of one carbon atom, and this accounts for the missing 
tenth carbon atom in the '^second half" of cinchonine. 

From the foregoing evidence, cinchonine would be repre- 
sented by cather of the two formulm below — 



2. Constitution of Quinine, 

Knowing the constitution of cinchonino, we can easily prove 
that of quinine. 

I. Quinine differs from cinchonine by one carbon, one 
oxygen, and two hydrogen atoms — 

CjoHMOaNj - CjgHaaONg « CHaO 
Quinine. Cintihonine. 

This points to quinine being a methoxy derivative of cincho- 
nine, if we bear in mind the similarity in character between the 
two substances. 

II. When oxidized with^ sulphuric and chromic acids,^ 
quinine gives the acid (A) ; whereas it will be remembered that " 
cinchonine gave cinohonic acid (B). Meroquinene is one of 
the oxidation products in both cases — 


> Skranp, ManaUh,, 1881, S, 691; 1888, 4, G85; 1891, », 1106; 1096, 16, 
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COOH COOH 

OCH3 

(A.) (B.) 

III. This ])rovefl the presence and position of the methoxyl 
group in quinine ; and since in its leactions quinine forms an 
exceedingly eluso analogue to cinchonine, we are justified In con- 
cluding that it is a methoxy cinchonine of the folloi^ ing consti- 
tution (accepting Kdiiigs* view of thestructuro of dnchonine) 



(juimnc 


.* 1 . CdithonUHtie and Conehmine, 

Cinchonine has three asyminetiic carbon atoms in its mole- 
cule, and therefore it may iiccur in sevmal stereoisomerio 
forms, Ohiuchouidine is supposed to be one of these; whilo 
conchininc is a stereoisomer of quinine. 

£.— Tub IsoQUfNOLiNB Gboup. 

1. The ConstituHon of Papaverine, 

The uoiistitntiun of papci\erine is a much simpler question 
than that witli which wo have jubt dealt in the case of 
cinchonine. There are six steps in the argument^ 

‘ aoldschmlodt. ATonatah., 1863, 4, 704; 1886,6, 873, 807,954; 1886, 7, 
486 ; 1667, 8, 510 ; 1888, B, 42, 327, 849, 670, 762. 77b ; 1889, 10, 678, 692. 
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f. In the first place, the formula of papaverine is 
CaoH2i04N ; it contains four methoxyl groups, which can be 
hydrolysed, yielding tlie substance papaveroline, C|QHgN(OH)4. 
This accounts for all the oxygen atoms. 

II. On fusion with alkali, papaverino bieaks down into two 
nuclei, one of which contains nitrogen, while the other nucleus 
is iiitrogen-fiee. The first was i)rovcd to bo a dimethoxy- 
quinoline of the constitution — 



while the second decomposition product was dimethyl 
homocatecliol — 



III. The fact thiit tlicse two grou])S are dircclly united to 
one another follows from the composition of the two decom- 
position products — 

H 2 + C2oIT 21^^4^ = "h 

Pupavorino. DiiuoL^oxy- Dhnethoxy- 

^ quinoline. bomooateohol. 

IV. Wo must now oxaininu tlie question of the manner in 
which the two nuclei are united. Since papaverine contains 
four methoxy groups, and each of the decomposition products 
contains two, it is obvious that during the decomposition no 
methoxy group is destroyed. Now, if the link between the 
two nuclei had been an oxygen atom, ia, if papaverine had 
contained the grouping R — 0 — CH2 — O — R, then in the 
breakdown of the molecule one - 0 . CHs . 0 - group would have 
been destroyed. We may thertifore exclude^the idea of joining 
the two nuclei tlirough an oxygen atom, and must assume 
that they are directly united, carbon to carbon. 

y. Our next problem is to find which carbon atom of the 
isoquinoline ring is joined to the other nucleus. When we 
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oxidizo papaverine with potassium permanganate, we obtain 
a-carbocincliomeronic acid — 



Henco we deduce that the side-chain (second nucleus) was 
attached at tlie point now occupied by the carboxyl group, 
which is marked with an asterisk. Papaverine is therefore — 



VI. Wo have now to settle the constitution of the 
group — C7H5(OCH3)a. Tliis must bo the dimethoxy-hoino- 
catechol radicle, which has the same composition. Wo have 
only to decide whether the two nuclei are joined ring to ring 
or by the intermediation of the side-chain of the dimethoxy- 
liornocatechol. Without going into details, it may bo said that 
all the evidence points to the union being made through the 
side-chain. The constitution of papaverine is therefore — 
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2. The Synthesis of Papaverine, 

The synthesis of papaverine has recently been carried out 
by Pictet and Gams.^ The reactions may be grouped in five 
stages. 

I. The first step in the process is the synthesis of amino- 
aceto-veratrone. For this purpose veratrol (I.) is treated with 
acetyl chloride in presence of aluminium chloride, whereby 
aceto-voratrone (II.) is formed. When this is treated with 
sodium ethylate and amyl nitrate, it yields the isonitroso- 
derivative (III.), which can then be reduced by tin chloride 
and hydrochloric acid to the hydrochloride of amiuo-aceto- 
veratrone (IV.) — 



(m.) (IV.) 


II. We mu.st now turn to the 8yiithe.sis of homoveratroyl 
chloride.* Vanillin (V.) is metliylated and then treated with 
hydrocyanic acid, giving dimcthoxy-mandelic nitrile (VI.). 
When this is boiled with hydriodic acid three processes take 
place simultunoously ; reduction, hydrolysis, and the splitting 
off of methyl radicles. We thus obtain homopLUtocatechuic 
acid (VII.) and by mcthylation of the liydi-oxyl groups 
followed by the action of phosphorus pentachloride the chloride 
of homoveratric acid is formed (VIII.)— 



(V.) (VI.) 

^ Pictet and Gams, C, B., 1909» 140, 210. 



THE ALKALOIDS 


139 




111. If we now allow the ainino-aceto-A'oratrone hydro- 
dilorido obtained in Stage 1. to interact with the homoveiatric 
chloride of Stage 11. in presence of alkali, we obtain homo- 
veratroyl-amino-aceto-veratrone (TX.) — 



. CO . CH,. NH . CO . CHj . fj^-OOHj 

IJ-OOH, 

(IX.) 


IV. An inspection of the formula (IX.) will show that 
though the substance contains two carbonyl groups, one of 
these is a true carbonyl while the otiicr is a radicle which 
originally formed i)art of a carboxyl group. When the 
substance is reduced with sodium amalgam in neutral alcoholic 
solution, the true carbonyl is reduced, while the acidic carbonyl 
remains unaffected. The pDxluct is homoveratroyl-hydroxy- 
homoveratrylamine (X.)- * 



.ClI(OIT).CHa.NH.CO.CIT2 



(X.) 


V. When this substance (X.) is treated with phosphorus 
pentoxide in boiling xylene solution, it loses two moleculos 
of water and is concerted into papaverine (XL)— 
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in 



3. The. Synthesis of Ltimlanmine, 

In iLo prccedinj' section wc have seen how the synthesis 
of i)apaverine may be accomplished, and we are now in a 
position to consider tliu question of a closely lolatod alkaloid, 
laudanosine. This body is very simply produced from papa- 
voiiiie. Pictet and Athauasescu ^ showed that if wo form the 
ohloro-methyl derivative of papaverine and then reduce this 
with tin and hydrachloiic acid we obtain inetliyl-tetrahydro- 
papaverine. This synthetic substance is of course racemic 
and from it the dextro-autipode was obtained in the usual way 
by making the quinic acid salt of the alkaloid and fractioiially 
crystallizing it. The substance thus obtained was found to be 
identical with natural laudanosine — 

^ Pifltet and Afchanasosou, 1900, 88, 2346. 
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Pictet and Jb'inkelstoin ‘ have recently carried out the 
complete synthesis of laudanosino, but as the method is very 
similar to that which wc have already described in the cose of 
papaverine we need not enter into it heix). 


4 . 0 }>ianiD Add, 

Though opianic acid itself is not an alkaloid, we must take 
up its constitution at this point owing to its relation with 
nui-eotiue, with which we shall deal later. 

I. When narcotine is hydrolysed witli barium’ hydrate 
or sulphuric acid,^ it decomposes into opianic acid and 
hydrocotamiue — 



II. Opianic acid is a monobasic acid, and tlierefoi'e we may 
write its formula CgHgOy . COOH. 

III. When heated with hydriodic acid, two methyl groups are 
split off from opianic ,4cid.^ It therefore contains two methoxy 
groups, and may be written thus, (GHsO)^ . C7H3O . OOOH. 

1 Piotet and Finkolsteiu, Ber., 1909, 42, 1979; C, ii., 1909i 14*, 926. 

• Bookett and Wright. Traia. Ch«n. 8oe., 1876, 88. 688. 

* Matthiessen and Foster, Amalni SujipL, I., 333; U., 378; V., 333. 
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IV. Wbeii heated with potash* it gives (by reduction) 
mccoiiine, and (by oxidation) heinipinic acid— 



Meoonino. Ileniipinio «cid. 


This last rcaction is {)arallol to the formation of benzyl alcohol 
and benzoic acid by the action of potash upon benzaldehyde, so * 
wo must conclude tiiat opiiinic acid contains an aldchydic 
gi'oup; and from tlie constitution of heinipinic acid it is 
obvious that this aldeliyde radicle must be next tlie carboxyl 
group of o])innic acid. 

V. The final proof of the presence i f au aldehyde gi*oiip in 
opianic acid is furnished by the behaviour of its sodium salt 
when distilled with soda-lime.® Carbon dioxide is split off in 
the usual way, and the methyl ether of vanillin is left. The 
formula of opianic acid must therefore bo that wliicli is shown 
below — 



Opianic acid. Methyl ether of vanillin. 

6 . Tht Comtitulmi of Cotamine, 

The next stage in the proof of the narcotine constitution is 
reached through the constitution of cotamine. This substance ® 
is obtained along with opianic acid when uarcotiuo is treated 
with oxidizing agents. 

CmBbOjIT + 0 + H,<) = + CjjUuO^N 

Narootine. Opianic acid. Cutarniuo. 

^ Matthiosson and Foiiter, AnnaUtn Sappl., 1., 832 ; II., 881. 

* Beckett and Wright, 2Vana. C/wm. Soe., 1876, S8, 683. 

> Wohlor, Afinalen, 1844, 60, 1. 
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I. Gotarniao reacts with two mnlocules of methyl iodide, 
thus proving that it is a secondary hose. Tiie reaction product 
is called cotaruomethiuo methyl iodide,^ and has the compasitiun 
CiiHiiCWOHa),!. 

II. By heating this body with caustic <<oda, trimetbylamine 
is split off,^ and cotarnoiie, OiiH]o 04 , zcitiains. Tliis proves to be 
an aldehyde, so that its formula can l )0 writtim CioIlgOs . GHO. 

III. When cotariioiio is oxidized with potassium perman- 
ganate it gives a lactone, cutamolactone, 0||H|Q()g, fiuiu which, 
on further oxidation, cotarnic acid, GigHgOf, is obtained. 

IV. By die usual leactions it is found that cotarnic acid * is 
dibasic, contains a mothoxyl radicle, and lias its carboxyl groups 
in the ortho-position to one another, as is shown by the ease 
with which It forms an anhydride. When heated with 
plK'sphonis and hydriodic acid to about IdO^ G. it yields gallic 
acid — 

Olf 


110 



110 - 



COOJI 


V. Now, gallic acid diffots fzoiii coiainio acid by the 
group Cgllgi Ig*” 

(mIIsOt - G7II0O5 ^ Gib + (JOj +•(’ 

Cotarnic (rallio Fiom inctboxy 
ai id. aoid. group 

Pait of tilis wc can account for by the Io«c) of caibon dioxiile 
fioin a cazboxyl group, hince eotonne acid ib dibasic, while 
gallic acid is monobasic. Wu have ihus one carbon atom left 
unaccounted for. This must bo derived from the methylene 
group of a methylene otlier We are in Ihis way led to ior- 
miilate colaniic acid as a mediyl-methyleno-gallic-carboxylic 
acid, GgH( ( ICIIg) (G HsOg) (GGOH)g. For such a substance there 
are only two possible toriiiul.e— * * 


1 Boser. AnnalM, 18BQ, SfS, 167 

• Ibtd., 141 

* i6u2., 168 

« I6td., 163, 1899, 864, 841. 
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Without going into details/ wo may say that tho general 
behaviour of the substance is best lopreseuted by (II.). Cotamic 
add thoiefore lias the constitution — 


OCH, 


\0 4. J)-COOH 


Cotarnio acid. 


lotamolactone must therefore have tho formula— 


OCH. 


. 0 - 




-COv 

-CH'^ClIaOH 


and cotarnono must be— 



YII. But cotamone was * obtained frbm cotamomethine 
methyl iodide and soda, whence cotamomethine methyl iodide 
must have the structure — 

> Freund and Bockor, Ber., 1008, 86, 1521. 



THE ALKALOIDS 


ll-GUO CHj 

‘^<-1 


YIII. Hence cotarnine should have the following constitu- 
tion, since cotamomethine methyl iodide is obtained from it 
by tho action of two molecules of methyl iodide : 

OGH, 


.0- 


-Clio 

CHa-GHa-NH-CHa ‘ 


TX. Tliis fprmula, however, fails to explain the formation 
of a pyridine deiivative, apophyllenic acid, when cotomine is 
oxidized with nitric acid ; ' and to account for this we must 
assume that tho free aldchydic group lias disappeared in the 
course of some iiitramoleciular ring-formation, which simul- 
taneously brings into existence a pyridine chain within tho 
molecule of cotarnine. This change we may represent in two 


ways, as shown in the formulm below — 




OH 

\.0H, 


<3 


NH.GHs 


\' 

CHa 


CHj 

Gotariiino (oorbinol form). 


I 


\CH« 


GHa 

0 otamln 9 .j(amxnonium form), 
i W5hlor, Jnnaltn, 1841, », 84. 

• L 
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It is generally agreed that the salts of cotnrnine are best 
repi'eseiited as derivatives of the ammunium form ; for instanco 
the production of apophyllenic acid can be made clear on tliis 
assumption — 



Gotaniino 


CII 

/ \ /NOj 

chtMisio iroou 0 N< 
-^nooo-ii 

Apophyllenic acid derivative. 


With regard to the free base, liowover, tlie spectroscopic 
investigations of Dobbie, Lauder, and Tinkler^ have shown that 
the stnictiire varies with the solveut ii! which the substance is 
dissolved. In ether or chloroform the irbinol form is present ; 
hilt the addition of alcohol to the solution brings into existence 
the ammonium form ; in pure alcoholic solution no less than 
25 per cent, of the substance is present os ammonium base. 


6 . The Synihem of Coiarnine, 

111 the last section we dealt with the constitution of cotar- 
nine, and we must now take up the synthesis of this substance. 
Synthetic cotaniiue has been prepared by Salway ; ^ but ns the 
constitution of one of his intermediate products is left doubtful 
in the synthesis, it is not possible to establish the cotaminc 
stiucturo from his work. In the light of the facts given in 
the lost section, liowever, wo can deduce the formulas of tho 
intermediate compounds. 

1 . The first stage in the process is the synthesis of 
methoxy-4 : 5-methylencdioxy-pheuyl-propionic acid. Salway 
took as his starting-point the substance myristicin — 


Dobbie, Lauder, and Tinkler, Trans. Chem. Soe., 1908, 8S, 698 
Salway, Trans. Chem. Soc., 1910, 97, 1208. 



/0-|f >-CI V-CH - OH, 
OCII, 
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which he obtained from oil of nutmeg. This was heated with 
alcoholic potash to convert it into iso-myiisticin ; and the latter 
was then oxidized to myristicin aldehyde by means of potassium 
permanganate — 



Myristicin aldehyde. 

The aldehyde was tlicn condensed with ethyl acetate by means 
of sodium, and the resulting ester was hydrolysed with alco- 
holic potash — 



The substituted cinnamic acid thus produced ^s rediftsed with 
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sodium amalgam, and in this way the required |3-3-methoxy- 
4 : 5-methylenedioxy-phenyl-propionic acid was obtained. 



(I.) 

II. The second stage ends in the production of phenyl- 
acetyl- /3-3-mcthoxy-4 : 5-mothylenedioxy-phenyl-ethylamine. 
The acid (I.) was converted into the amide (II.) in the usual 
way, and this in turn was changed into the corresponding 
amine (IIT.) by Hofmann's reaction — 



CO- NHg 


(HI.) cir. 



i-Cirg-CHa-NHa 


The phenylocetyl derivative (IV.) was then prepared by the 
ordinary method — 


/0-|f^-CHr-CHr-NH-CO- -C}rr 0*H, 


OCH, 


(IV.) 


F]umylaoetyl-S-8-inethoK7<4 ; 6-niathylflnfldioiy-phanyl.fl thyiftwiinQ , 


III. This phenylacetyl derivative was condensed by heating 
it with phosphoric oxide in presence of xylene; and in this way 
a mixture of two isomeric dihydro-isoquinoline' derivatives was 
produced (V. and VI.). 
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IV. Tlie substance (V.) is S-inethoxy-B : 7-mcfchylonedi* 
oxy-l-benzyl-3 : 4-(lihydro-lsoquinoline. To convert it into 
cotamine, it is necessary in the first instance to form its 
metlio-chloride (VIL), which is then reduoeil by moans of . 
tin and hydrochloric acid to l-lieozjl-liydrocotaraine (VIll.). 



(VII.) (VIII.) 


Jj^iually, oxidation with manganese dioxide in presence of sul- 
phuric acid converted the benzyl derivative into cotarniue — 


CH, 

CH< 

\0-\ J ^ NH.CH, 

CHO 
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It will be noticed that the substance (VL), if treated in the 
same way as (y.)i would give rise to an iso-cotamine; and if 
the cotamine constitution were unknown, this synthesis would 
throw no light upon the relative positions of the methoxy group 
and the pyridine ring. 


7. TkQ SynthesM of Hydrocotarnine, 

On reduction, cotamine is converted into hydrocotaniinc,' 
which is formed in the manner indicated by the formuhc below— 



OCH 3 

I (JHaOll 



Alcohol. 


OCTL 
I OH, 



OH, 


Ifjdroootarniuo. 

^ Beckott and Wright, Tram, Chem. Soc,, 1875, 88, 577 ; 3andow and 
W(dfionBtein, Bcr., 1698, 31, 1677. 
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8. The Constitution of Nanotins, 

We have now in the course of the previous sections amassed 
the material which we require in our consideration of the 
narcotine formula ; and we may next proceed to deal witli the 
question. 

Narcotine contains no carboxyl or hydroxyl radicle. It is 
made up of one hydrocotarnine nucleus and one opianic acid 
nucleus, the latter being in the form of the lactone, meconine. 
This is shown by the action of reducing agents upon narcotine — 


CajHajOTN + ^2 “ "i" CiaHisOsN 

Narootine. Moconino. Hydroootamino. 


We must now consider the mode of linkage of these two 
nuclei Wlien we examine tlic formulfe of meconine and 
hydi'ocotariiiiio — 


CiraO - 


OCH3 

I 


l-CO 




• V 


I-CH3/ 


0 


Moconino. 



it is obvious that the linking does not take ])laco through 
an oxygen atom, as all of these ai'o fully occupied. It must, 
therefore, occur by the conjunction of two carbon atoms, each 
of which loses a hydrogen atom in the union. Tho pair of 
atoms which are most likely to be concerned in the linkage 
are thoso which give rise to the aldehyde groups of opianic 
acid and cotaminc, so that the formula of narcotine would be 
written — 
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OCHj 



Narcotino. 


9. Th^ Synthms of Gnorntpim and Narcotino, 

Perkin and Kobiuson ^ showed that wiien cotainino and me- 
ooniue are boiled in ulcohulic solution in presence of potassium 
carbonate the substance produced is identical with the alka- 
loid gnoscopine ; and by fractionally crystallising the cf-bromo- 
camphorsulphouate of the base ^ they were able to isolate the 
doxtro Olid Isevo forms of narcotine; gnoscopine being tlie 
racemic variety. The hevo-norcotine thus ‘obtained was iden- 
tical with the natural alkaloid. 


10. TJio Sjjntliom of Narcetnr, 

When the methyl iodide addition product of narcotine is 
treated with alkalis, it is converted into a substance narceltne; 
which was first called pseudo-narceino.^ The course of the 
reaction may be formulated in the following way : — 

' Forkin and llobinBon, Proe, Chin. 8oe., 1910, 9C, 46. 

• IbkLt 181 * 

> Boser, Atmdlm, 1888, 847, 167 ; 1889, 8M, 857 ; Freund and Fianklorter, 
ibid., 1893, 877, 81. 
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11. JAd Synthesis of Hydrastinine. 

This substance, which occurs among the decomposition 
products of the alkaloid hydrastine, has been synthesused by 
Fritsch ; ^ and as a knowledge of its constitution may help us 
in our consideration of the hydrastine formula, we may give 
a brief account of Fritsch’s work befoi'o dealing with the 
natural alkaloid. 

When clxloracetal is treated >vith ammonui, it yields the 
substance acotalamine, which has the formula — 

NHa.CHa.CnCOCgHr,)* 

This substance can be made to condense with aromatic 
aldehydes; and wlicu the products thus obtained are imited 
with sulphuric acid, alcohol is split off and isoquinuline 
derivatives ore formed. If we apply rliis reaction to the case 
of pipcronal, we sliall have the following series of reactions 



CHO 


Fiporonal. 




Acotaluniao. 


yO-|!*^.-CH:N.CH,. 011(00,11.)* + H,0 

Fipeiouolacolalamino. 


Cl I 

/ % 


JllaC I CllaC 

^0 4 Al CKa ^0 

CH(OCaHB)a 


o-A^ \ 

in 


PipeionalacotalAinino. 


V 

Mothyloucdibydroxylsoqninoline. 


i* I 

When the methyl iodide addition product of this body is 
reduced by means of tin and hydrochloric acid, it gives the 
substance hydrohydrastinino — 


* Fritsoh* Annalm, 1896, 886, 18. 
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CH 




This last substance Freund ^ has converted into liydrasti- 
nine by oxidizing it with potassium bichromate and sulphuric 
acid. 

Now, from the fact that the behaviour of liydrastinine, on 
reduction and salt formation, closely resembles that of cotamiue, 
we are enabled to put forward the following structural formula 
for it: — 


OHO CH 



llydroHtiniuc. llydiastinino hydroohloiido* 

This formula explains why hyditistinine behaves as an 
aldehyde, why it forms a ring-compound in presence of acids, 
why its salts contain one molecule of water loss than the free 
base, why it yields apophyllonic acid on oxidation, and many 
other properties which the substance possesses. A comparison 
of their formuhe will show that cotarniue is a mothoxylated 
hydrastinino. 


12. TliB Confttituiion of llydrastinB. 

Hydrastine contains one methoxyl group less than narco- 
tine, but in aU other respects it resembles that compound. 
Now, on oxidation with dilute nitric acid, hydrastine breaks 
down into hydrastinino and opianic acid just os narcotine 
breaks down into cotarnine and opianic acid. But, as was 


> Freund, Ber., 1887. SO, 8409. 
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shown in the preceding section, cotamine is methoxy-hydras- 
tinine, so that wo may conclude that if we eliminate the 
methoxy group from narcotine we shall have hydrastine. This 
actually proves to be the case; so that we may write the 
formula of hydrastine by simply taking that of narcotine and 
replacing the methoxyl radicle of the cotarnine half by a 
hydrogen atom. Hydrastine would tlierefore be — 


OOH 3 



13. Thi Synihetis of Berherine, 

Piperonal (I.) forms the sturting-point of this series of 
reactions. When it is condensed with nitromethane in pre- 
sence of sodium methylate, it produces piperonylidene-nitro- 
metliane from which in turn homopiperoualdoxime and 
homopiperonylamine (II.) are obtained by leductior. ' 



Homoveratroyl chloride (the preparation of which has 
already been described *) is now allowed to act upon the amine 

* Bouveanlt and Wahl, Compt. rend., leOS, 186, 11 ; Medingar, MonaUh,, 
1900, 97. 887. * See p. 188. 
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yielding a condensation product (III.), which loses one molecule 
of water when heated with phosphorus pentozide in xylene 
solution forming (IV,) — 



CHj.CO.Cl 


fr 

OOH, 

UoinoveEatroyl ohloiiAo. 


/a-: 




(III.) 




CH, 




(J 


CH, 

\ 


OCH, 


av.) 




When the isoquinoline dcrivath h (IV.) is reduced with tin 
and hydrochloric add, it yields veratroyl-norhydrohydrastiuino 
(V.). Condensation of the hydrochloride of this with methylal 
results in the entry of an extra carbon atom into the molecule, 
with the formation of a new lix>membered ring. This pro- 
duces tetrahydroberberine ; ^ from whicli berberiue itself is 
obtained, by oxidation.^ 

^ Pictet and Gams, nsrid., 1911, 16S, 886 ; Ber., 1911, 44, 2480. 

t Hloslwots and GUxDa Annalm Supp,, 1868, 8, 191. 
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The true constitution of bcrberino is not yet agreed upon, 
ns there ara several ways in which hydi'jgen might be removed 
from tetrahydroberberiiio. 


F. The PHENAUTmtKNK Group. 

1. lZ7/e Jielatunus htioeen Marphint't CotUiw and TIubainc. 

The general lesemblance between morphine, codeine and 
thebainc can be seen by the comparison of thoir respective 
compositions : 

GijHigOjN OigHaOjN C„lIaOsN 

Morphino. Godeiiio. Thobaine. 

Morphine contains two hydroxyl groups, one of which i<; 
phenolic * and the other is an alcoholic radicle.* V/hen mor- 
phine is methylated, codeine is formed, wluch has no phenolic 
properties. This establishes that codeine is methyl-morphine 
and carries its methyl radicle on the phenolic oxygen atom of 
morphine. The tliiid oxygen atom in morphine and codeine is 
indifTercnt to reagents and is therefore assumed to be ethereal 
in character.* When subject to Zeisel’s reaction, thebaine loses 
two methyl radicles; so that evidently it contains twomethoxyl 

1 Matthiessen and Wright, IVoo. Lay. Soc., 1869, 17, 364.' 

• HeBBO, AnrtabM, 1664, 222, 208. 

> Vongorichten, AnnaUn, 1^2, 210, 105. 
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groups. The formulie of the three substances maj therefore be 
written as'below: 

IlOv . CUaOv CH3OV 

>Ci7H„ON >C„Hi 70 N >C,7H,bON 

HO^ HQ/ CH,(X 

ilorphinc. Codoino. Thobaine. 

wherein tlie third oxygen atom is assumed to be etheioal in 
character. 

All three alkaloids are tertiary bases and each of them 
contains a phunanthrene nucleus, as will be seen later. 


2. MethyhiorphimUhine} 

I. Codeine unites directly with one molecule of methyl 
iodide, forming codeino-mnthyl-ammonium iodide. When this 
compound is boiled with caustic soda it yields a tertiary base, 
C10H23O3N, which is known as luethylmorphiniethiiie. The pro- 
cess is evidently one of cxhaustivo methylation,* and the result 
proves that in codeine the nitrogen atom forms part of a ring, 

II. WJien methyl iodide is allowed to unite with inethyl- 
morphimethiue, a quaternary ammonium iodide is produced 
which can be converted into the corresponding methylmorphi- 
methino-mothyl-aiiimoniiim hydroxide in the usual way. On 
heating, this hydroxide decomposes and among the products 
trimethylaniinc is found. This proves that the nitrogen atom 
in inethylinorphimethiiie-methyl-ammonium hydroxide is at- 
tached to three methyl radicles. Now since only one methyl 
group was introduced into the molecule in Stage I. and a second 
one in Stage II. it follows that the tliird methyl radicle must 
have been attached to the oiigiiial nitrogen atom in codeine. 
Codeine, therefore, contains a nitrogen atom attached by two of 
its valencies to a cyclic grouping, whilst the third valency holds 
a methyl radicle. Tlie course of the various reactions may be 
symbolised as follows, Rli being used to i-epresent the remainder 
of the codeine structure : 


B B B B 

V ! 

Codeine. 


C3^,Ah^C 


C 

Methyl- 

dioiphimethino. 


B B 

c6,o^ch,. 




' Knoir, Bar., 1889, SS, 182. 


Soo p. 120. 
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III. Wlien treated with acetic anhydride,^ methylmoiphi- 

methiiio yidds hydroxy-ethyl-dimothylamine : « 

HO.CHa.CH,.N(CIIj)2 . 

This chain might have been attached to the parent molecule 
either by the intermediation of the oxygen atom or of a carbon 
atom. By actual syntliesis of the other typo of compoiihd 
from tho decomposition products,^ it was proved that this 
structure was not tho one sought ; so that tho side-chain is not 
attached to the rest of tho codeine* molecule by means of the 
oxygen atom. The linkage is therefore one between two carbon 
atoms ; and the oxygen atom of hydroxy-ethyl-dimethylamine 
is not part of the oiigiiial molecule, but is supposed to appear 
os the result of a reaction between water and the primary 
decomposition-product : a vinyl derivative.* 

IV. Summarizing tho infoimatioii gained in the foregoing 
paragraphs, it 'is clear that meth^^morphimethine may bo 
represented by (1) while codeine corresponds to (2). 


OH,Ov 

H0>' 


:0uH,0>-aiI,. GH, . N(OH,), 
( 1 ) 


oir,i 

no. 


,Ov -OH,, on. 


oir, 




V. The second product obtained when molhylmori)hi- 
methine is decomposed with acetic anhydride is a methoxy- 
hydroxy-phenantlircne which has been shown, by synthesis to 
have tho structure : 





VvA, 


. I 

HO--= 


V 

OCH, 


> Knorr, Ber., 1889, 88, 181, II 43 ; 1894, 87, 1144 ; ICnoR and SmUes, iMd., 
1908, 36, 8009. 

> Ibid., 1905, SB, 3148. 

* Tho primary product is assaraed to bo CH, ; OH . N(CH,), which is then 
supposed to add on a molecule of water at the double bond. 

' Psohorr and Sumuleanu, Ber., 1900, 88, 1810, 1884; Feohorr and 
Vogtherr, Und., 1902, 86, 4418. 
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3. TU Siructures of Morjikino and Codeine. 

L The whole of the seventeen carbon atoms in the mor* 
phine molecule are now accounted for : since there are fourteen 
in the phenanthrene nucleus, two in the ring of which nitrogen 
forms a member and one in the methyl radicle attached to the 
nitrogen atom. The next step is to determine, if possible, the 
position of the ethereal oxygen atom in the molecule. Proof 
has been given above that this oxygen atom dues not serve to 
link the nitrogen chain to the molecular nucleus ; so it evidently 
must be linked with two carbon atoms of the phenanthrene 
group. Since a ring composed of four carbon and one oxygen 
atom is a fairly stable one, it is concluded that this grouping 
occurs in morphine ; and this view is supported by evidence 
drawn from the effect of the Grignaid reagent upon the 
analogous oxygen atom in thubaine.^ Although the ovidcnce 
is not perfect, it is generally accepted that morphine contains 
the skeleton shown in (3) — 



(3) (4) 

11. The position of the remaining hydroxyl radicle has been 
determined in the following way. When codeine is oxidized by 
means of potassium permanganate or chromic aoid,^ it gives the 
corresponding ketone codeinone, the group — CH(OH) — being 
changed to a carbonyl radicle. On treatment with acetic 
anhydride,* codeinone yields 3*methoxy-4, 6-dihydroxy-phe- 
nonthrene, which places the hydtoxyl group in position 6 as 
shown above in the formula (4). 

* Fxeund, Der., 1908, 88, 8884. 

• Aob and Knorr, Bw., 1903, 86 , 8087. 

> Knoir, Ber., 19G6, 86, 8077. 


M 
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TIL Ifc has now been shown that morphine contains a 
phcnanthreno nucleus with six substituents attached to it: 
two- places l)eing occupied by the ends of the nitrogen ring, 
two by the hydroxyl groups and two by the ethereal oxygen. 
On counting the hydrogen atoms in this structure, it will bo 
found tluit the total is six less than the number actually 
required by the formula for morphine. From this it is clear 
that morphine contains a partially reduced nucleus. The 
position of one of the reduced nuclei is indicated by the 
alcoholic hydroxyl in morphine ; since this must be attached to 
a hexahydro-ring. 

IV. The only ramaining problem is the attachment of the 
nitrogen ring to the nucleus. There is no conclusive evidence 
on the point ; and it will be sufficient to give here two of the 
formula suggested, one by Collie,^ the other by Pschorr.* 


Cllg CHa CHa 

'oh, 

110- OJl (1 (!) Jf.CH, HO- 

\/\/\/ 

CH 0 0 . 

\ i 

0—0 OH 

V 


oil OH, N.OU, 
'oh, 

i i: I I 

»-(3 0 0 CH, 

^()H 

O CH (JH, 


OH 

CoUio’s formula. 


OH 

Pschorc’a formula. 


Wliatever formula bo adopted for morphine, the oorrr*- 
sponding codeine formula is obtained by Bubstitutliig a methyl 
radicle for the hydrogen of the phenolic hydroxyl group. 

It will bo noticed that in each of the above morphine 
formulm there are three asymmetric carbon atoms, from the 
presence of which it is reasonable to deduce that morphine will 
exist in two or more isomeric forms. Ip actual practice it is 
found that in addition to morphine itself there exist three 

1 Collie, private ooominnioation. 

* This formula is based on Fschorr’s formula for apomorpfaine (Psoliorr, 
JKokel and Feoht, Per.. 1902, 8S, 4379; Psohorr, %beck and Spangenbeig, 
ibid., 1907, 40, 1964, 1996, 1098. 
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isomeric bases : a-, ft-, and y-isomorphinc ; and in the case of 
codeine there ai-e also three extra isomers : isocodeine, pseudo- 
cudeine and a11oi)seudocodeine. Four isomeric methylmoi^hi- 
methincs ^ have also been found. 

The case of the codeines is sufficient to throw some light 
upon the problem. When phosphorus chloride acts upon coddnc, 
the hydroxyl group of the alkaloid is replaced by a chlorine 
atom, yielding chlorocodide ; but when this chlorocodido is re- 
converted into a hydroxyl derivative there is no regeneration of 
the original codeine, for any one of the three isomeric bodies 
may be produced according to the experimental conditions.^ 

Now when codeine and isocoduine are oxidized with chromic 
acid, they yield tlie same codeinone, which proves them to he 
structurally identical but sturcoisomeric on account of the 
uiTaiigcment of the — CU(OH) — groups in space, a difference 
which vanishes when the secondary alcoholic nuUcle is oxidized 
to a carbonyl group. By same test, psoudocodciiie and 
allopseudocodeiuc are also two stereoisomers, but since the 
codciuone in this case is different from that derived from 
codeine itself, it is clear that structure isomerism must be 
taken into account in o»ler to explain the difference between 
codeine and pseudocode! no. The correctness of this view seems 
to be established by the fact that pseudocodoiuone, derived 
from pseudocodeine can bo brokeu down to 3-methoxy-4, 
S-dihydroxyphenanthrcnc ; whereas codeine itself yields with 
the same treatment 3-methoxy-4, G-dihydroxypheuauthrene. 
The isomerism of codeine and pseudocodciuo therefore arises 
from the fact that the — CH(OU) — group occupies the position 
6 in one molecule and the position 8 in the other. 

These reactions enable us to compare the formulm of Collie 
and Pschorr. The Collie formula agrees with the facts ; whereas 
in the Pschorr formula the position 8 is already occupied by 
the isocpiinoline ring. From this it is evident that Collie’s 
formula is the more correct of tho two. 

Further evidence in favour of Collie’s view and against 
Pschorr’s formula is to be found iff the following facts. When 

^ Grimaux, Com^ rend., 03, 691 ; Hesse, Anrialen, OSS, 228 ; Kuorr, Ver., 
1891. 27, 1114 ; Knorr and Smiles, ibid., 1902, 86, 8009 ; Schryver and Loos, 
Trane., 1901, 70, 1 ; Knorr and Hawthorne, Ber., 1902, 86, 8010. 

* Schryvor and Lees, Trane., 1900, 77, 1024 ; 1901, 70, 6CS ; 1007, 91, 1408 ; 
Knorr and llCrleiu, Ber., 1900, 80, 4a0e; 1007, 40, 8844. 
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codeinone is treated with dilute hydroohloric acid it yields a 
secondary base thebenine ; whereas when strong hydrochloric acid 
is oinployefl, the tertiary base morphothebaine is produced. Both 
these substances are isomeric with codeinone. Now when each of 
tliese compounds is methylated two different trimethoxy-derivo- 
tives are formed, which, on oxidation, give rise to two different 
trimethoxy-carboxylic acids derived from plienanthreno : — 

Morpliothebaine Ck)dcinone Thebenine 

Methylate and 
^ oxidize 

PhenonthrenA-a, 4, 6<trimothoxy- 
oarboxylic acid. 

Heat 

a, 4, C-trimcthoxy.phonaDthraiie. 


Methylate and 
oxidize 

Phenanthiena-a, 4, S-tnmethozy- 
oatboxylio acid. 

Heat 

a, 4, a-trimethoxy.phenanthrene. 


4 . Thehaine. 


An examination of the formulie for codeine and tliebaiuc 

TTOv OII3OV 

-ON 


yC'nHi^ 


13' 

Godeluo. 


Thebaino, 


will show that thebaine apparently contains a structure similar 
to codeine, except that it lias two hydrogen atoms less in its 
nucleus. It is reasonable to assume that in thebaino there is 
a double* bond which dues not exist in the codeine molecule. 

When thebaine is hydrolysed with dilute acid, it yields 
codeinone,^ a ketone also derivable from oodeiue by oxidation. 
The most satisfactory explanation of these reactions is based u'l 
the assumption that thebaine is the ether derived from the 
enolic form of codeinone : — 


li — CH(OH) R — CO 

Oxidation 
^ 

E — OHj . E — CH, 

Oodeine. Codeinone. 


E — C~OH E — C~OCH, 

^drol yaia 


ji E ■■■■"< in i 


Enolio fbnn. 


E — CH 

Thebaine. 


This view is in agreement with all the facts ; and can be appEed 
to either of the codeine formula given above. 

> Knorr. Ber., 1906, 89, 1409 ; Feeund, ibid., 844. 
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5. OUttieine, 


The connection between the isoqninulinc and the phenan- 
threne alkaloids is clearly brought out by the conversion of 
laudanosine into glauciue. Nitration of landanosine produces 
nitro-laudano8ino(I.) which is then reduced to ainino-laudanosine. 
This last substance is then diazotized; and when the diazo- 
derivative is heated with copper powder, racemic glaucino (II.) 
is formed, which can be i-esolved into optical antipodes by 
means of tartaric acid. 




6. The Eelations between the leaquinoline antd ThenanUirene 

Alkaloids. 

There are certain similarities in the structuies of the 
isoquinoline and pheiianthrcne alkaloids which are apt to 
be overlooked when the various substances are considered 
individually as we have done in the preceding pages ; and it 
seems advisable to point out here some of the resemblances 
which can bo detected.* 

In the table on p. 167, some of the fonnulfe are collected 
together. In the first place, an examination of the structures 
of narceme, laudanosine and papaverine will show the step-by- 
step change from the open-c^aix grouping of the amino-chain 
in narceine to the closed and unsaturated pyridine ring in 
papaverine; and it will also reveal the identi^ distribution of 
the hydroxyl radicles in the three molecules, although the 

* I am indebted to Professor OoUie for notes on this point. 
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outward rescrablanco is masked to some extent by the substitu- 
tion of a methylene etlier radicle in narceine for the dimethoxyl 
grouping common to the others. 

Comparison of narceine and hydrastine brings out the 
alliance between the two substances; for the carbonyl and 
carboxyl groups in the former compound become converted 
into the lactonio ring of hydrastine, at the same time as the 
open chain is contracted into the piperidine ring. 

In the case of laudanosine, glaucine, thebaine and morphine, 
the main skeletons are obviously identical, and the change 
from the one formula to another is accomplished by a pre- 
liminary closing of a ring between two benzene nuclei, followed 
by a second ring-formation by elimination of water between 
two hydroxyl groups. 

The inter-relations between papaverine, berberine and 
isocryptopmc chloride can bo seen by insi)Cction of the formulas 
on opposite page. 

It has not been thought necessary to do more than give 
those examples, for the resemblances between other analogously- 
constituted alkaloids can easily bo detected when attention has 
beoii drawn to the matter. 
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G.— The Pdkinr • Gjioup. 

1. 77m Synthesis of Uric Add, 

The problem of the constitutions of the purine derivatives 
has proved one of the most complicated chapters in the history 
of modem oi^nic chemistry; so complicated is it tliat we 
cannot devote space to any historical treatment of the matter, 
but must confine ourselves as closely as possible to the actual 
proofs of the constitutions of some of the purine series. 

The most important member of the group is uric acid. This 
substance ^ has been synthesized in a variety of ways ; but for 
the most part the syntheses throw no very clear light upon the 
constitution of the bod>. We may describe very briefly two of 
these synthetic methods of preparing uric acid, the first being 
due to Emil Fischer and the second to W. Traube. 

When inalonic acid is treated with urea, it yields a cyclic 
ureido, malonyl-urea or barbituric acid— 


NHj 

1 

HO-CO 

NH-CO 

CO 

1 

1 

CHa* 

1 1 

2HgO + CO CH. 

1 I ‘ 

NHa 

HO-CO 

NH-CO 


Barblturio acid. 


If barbituric acid be treated with nitrous acid, the methylene 
group is replaced by the isonitroso-radicle in the usual way, 
giving us,oximido-x^onyl-urea, which is also called violuric 
acid ; and on reduction of this substance the ozimido group is 
converted into an amino-radicle, producing amino-malonyl>urea, 
or uramil — 

NH-CO Nff-CO NH-CO 

11 II- ! I . 

CO OHo CO 0: NOH CO CH.NH. 

II I * 11 

NH-CO . NH-CO NH-CO 

Bsrbitarle acid. Violorio acid. Uramil. 

* This, like many other ohemioal'terme, is what tjewis Oarroll defined as 
a foitmantean word ; It is derived from the two words purum urieum. 

1 Horhaosewskl, Monatah., lfi82,S, 796; 1886, 8, 866; 1887, 8. 901, 684; 
Behrend and Booson, Per., 1888, 81 , 999; iltuioZen, 1889, 861 , 985; Traube, 
Ber., 1900, 88, 1371, 8085; Fischer and Aoh, Fer., 1895, 88, 2478; Fischer, 
Fer., 1897, 80 , 669. 
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' On treatment with potassium cyanate, uramil takes up cyanic 
acid and is changed into pseudo-urio acid — 

NH--CO NH-CO 




0 CH.NHi 


CO 6h.kh.co.nh, 


NH-CO NH-CO 

Uramil. Pseudo>urlo aoid. 

It is very hard to extract water from pseudo-uric acid, but 
this can be done by heating it with molten oxalic acid or by 
boiling it with hydrochloric acid. Under these circumstances 
one molecule of water is lost and uric acid is formed. Uric 
acid should therefore have the following constitution : — 
NH-CO 


GO 


CH- 


NH 


\ 


NU -0 N 


:co 


Its property of forming salts could be ascribed to the 
existence of an enolic form, such as — 

N=O.OH 


110. C C- 

II II 
N-C- 


^C.OH 

-mi/ 


It is more usual, however, to consider uric acid to exist in 
the isomeric form — ** 

NH-CO 

I i 

00 0-NIK 

1 II >0 

NH-O -NH/ 

Uric aoid. 

The second synthesis takes as its starting-point the conden- 
sation of urea with cyanacetic acid, which takes place under the 
influence of phosphorus oxychloride — 


NHj 

HO-0:0 

NH-CO 

1 

I 

00 

j 

OH, 

1 1 

(iO OH, 

1 

NHs 

ON 

j 1 

NH, ON 

Cyuuwetjrl-ote. 
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Caustic soda causes cyanacetyl-urea to uudeigo an intra- 
molecular change by which it is converted into amido-uracil — 

NH—CO 

1 I 

CO CH 

I II 

NH-C-NHjj 

Amido-izraoU. 

When this is treated with nitrous acid it gives a nitroso 
compound whicli can be I'educcd with ammonium sulphide to 
diaiiiido-uracil — 

NH-CO , 

I 1 

CO C.NO 

' 1 

NH-C.NHa 
Nitroso compound 

Tlie next step is to treat this diumido-derivativo with caustic 
potash and chloroformic ester, by which means a urethane is 
formed — 

Nil- CO Nil CO 

I I Cl.COOEt I j 

CO C.NHa - CO O.NH.COOKt 

i II - II 

NJl-C.NHa NH- C.NHj 

Diamido-urocil. Dlamido-nracil urethane. 

By heating the sodium salt of this substance to 180°-190*’C. 
the sodium salt of uric acid is obtained. 

By adapting this last synthesis we can obtain many uric 
acid derivatives ; for we may use* substituted ureas Jnstcsid of 
the parent substance, or we may replace tho urea by guanidine, 
or, lastly, we may discard the ohloroformic ester in favour of 
foimic ^ter. 

Before leaving the question of urie acid we must glance 
for a moment at tho behaviour of that substance when treated 
with various oxidizing agents. 

When the oxidation is carried out by means of cold nitric 
acid, the uix-membered ring of uric acid remains intact, while 
urea is split off. The oxidized ring which romoius can be 


NII-CO 
(lio i.NHj 
ifll-Jl.KHj, 

Dip.mido-uracil. 
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derived from mesoxalic acid and urea ; it is termed alloxan, or 
mesoxalyl-urea — 

NH-CO NH-CO 

i I i I 

CO C-NH\ CO CO H-Nv 

I II >0 1 1 )C0 

NH-- C -NH/ NH - CO HgN/ 

Uric acid. Alloxan. Urea. 

If, on tlie other hand, wo use alkaline potassium permau- 
ganato solution as our oxidizing agent, the five-membered ring 
remains unbroken, while the six-mombered one is destroyed. 
The first products in this case are two substances, uroxanic 
acid, OsHflNiOe, and oxonic acid, C4H6N8O4, which are further 
! oxidized to allantoin— 

NHj 

I 

CO CO-NH\ 

Nil- 

Allantoin. 

With hydrogen peroxide the sodium salt of uric acid yields 
a substance of the formula C4H4N4O4, tetracarboiiiinide, which 
acts as a weak tetra-basic acid ; on this account the following 
fonnula has been tentatively ascribed to it : — 

- N 11-00— NH 

C^O CO 
:iH-CO-NH 

2. Tht Syntlu^is of Tharphyllims. 

If in the uric acid syntheses wo substitute symmetrical 
dimethyl-urea for the parent substance, we obtain in the end 
dimethyl-uric acid — 

OIIj-N CO 

djO I 3 - NH\ 

S >0 

OH, -N C-NH/ 
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Wlien this is treated with trichloride and oxychloride of 
phosphorus at 150'’ 0. it is converted into a substance chloro- 
thcopbyllin, one atom of chlorine replacing a hydroxyl group. 
Chlurotheophyllino must, therefore, liave the following con- 
stitution : 

OH3 N CO 

00 6 NH\ 

I ^O.Cl 

CHg -N C -N- ' 

lly I'educing with hydriodic acid, theophylline ^ is formed — 

OH3-N CO 

1 : 

CO C -NHv 

II 

OII3 N C-N' 

Thoophyllinc. 


3. Tlis SifntJiCMS of Gujfeinc, 

CiiiTcinc is ohlained by the action of methyl iodide upon 
theophylline. Its constitution is therefore expressed by — 

CII 3 N CO 

CO O-NvCHs 

' II 

OH, - N a 

Caffeine. 


4. The Syntimie of Thedrromine. 

If wo take os a starting-point the dimethyl-uric acid which 
has the constitution (I.) shown below, and treat it with 
phosphorus oxychloride, wo shall find that it gives chlorotheo- 
bromiuo (II.), which, on reduction with hydriodic acid, yields 
theobromine (III.)'^ 'l^he reactions are ^allcl to those which 
lead from the isomeric dimethyl-uric acid to theophylline — 

> Fiflohor and Aoh, Ber., 1896. SS, 3186. 

* Ibid. 

* Fincher, Bcr., 1897, 80, 1889. 
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NH-CO 
CO C-N-CHj 


NH-CO 


CH 3 -N 


!, > 

-Ci-Sh 


( 1 ) 


60 C-Nc-OH, 

1 >.U1 

CH,-N - C-N<*^ 

(II.) 

NH-CO 

I ; 

CO C-N.CH, 


« 

CH3 -N — C -N^ 
Thoobromiuo. 

(III.) 


5. 77w Syntlic&U of Purine. 

When (lie sodiiini suit of uric acid is tmitcil with 
oxychloride of phosphorus it yields a liydroxy-dicliloro-puriiie 
of tlio following formula : — 

N-C.Cl 
Cl.C C-NH 



This, by menus of trichloride of phosphorus, can be changed 
into a tricliloro-derivative, the third hydroxyl group being 
rcplaciid by a cliloiine atom. Tho substance thus formed, 
trichlorupurine, is then treated with liydriodic acid at 0° C., 
whereby di-iodopurinc is produced. Tliis, by reduction with 
water and zinc dust, gives purine itself— 


N-O.Gl 
Cl.t! C-NH 



Triohloropurine. 


N-=C.I 

I ■ 

I.C C-NH 

li 1' 

N- C-N 

Di-iodopurine. 


N OH 


i 

CH 


C-NH 



Purino. 


Purine is the substance to which all the substances of the 
purine group are usually referred; the derivatives being 
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distinguished by means of the system of num1)ering shown in 
the following scheme : — 

( 1 ) («) 

N -C 


I i 

X c 

(3) (4) (0) 

According to this, the substance xanthine is 2, U-diliydroxy- 
purine ; theophyllino would be 1, 3-rliniethy 1-xanthine ; caffeine 
would 1)0 1, 3, 7-triinotliyl.xaiithine ; theobromine would be 
3, T-dimethyl-xaiithinc ; and lu'iu acid 8-liydruxy-xaiithiiie. 


(7) 

:!>« 


ir, — The Glvoxalink i;uoui'. 


In raceiit years a fresh nucleus, glyoxalino, has been 
detected among the basal substances C)f some of the alkaloids, 
rflyoxaliiie itself is inetnmoric with pyrozole: and it may bo 
regarded as a pyrrol nueleiis wherein one of the motbine 
radicles is reidaced by a nitrogen atom. 

The paiviit substance f»f the glyoxalino group may be 
obtained by condensing together glyoxal, ammonia, and form- 
aldehyde 


cno XHo 

I + +0:CH2— 

niro NH3 


CH-N 

II ,CII + 3H2O 

oil XII/ 


It may also bo produced l)y oxi<lizing benzimidazole with per- 
manganate and then heating the dicarboxylic acid so iorined- • 



IIUOC.O--N 

il /ClI 

HOOC.U-NII/ 


H.C-N. 

II ■ ;0H 
h.u-nh/ 


An examination of the purine stnicture will show that it 
may bo regarded us containing a glyox aline ring condensed 
with a pyrimidine nucleus; so that the purine derivatives 
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may be cuiiaidurcd os partly derived from glyoxalinc : but it 
is not necessary to lay too much sti-css upon this relationship 
since the uric acid group is sufficiently distinct to permit of 
its being ragarded ns a class by itself. 


1. The ConstitiUion of Pilomrpme. 

rilocarpiue occurs in jabomndi loaves in conjunction with 
sevcniL i-elated alkaloids : pilocarpidiuo,^ isopilucnrpiiic,^ ])ilo- 
siiio,’* ^-pilocarpine,^ and ^•jahurinc.* The general structure of 
pilocarpine has been established in the following mauuer : — 

The coiiipositiou of pilocarpine is C|il£j2N'202. Althoiigli 
it contains two nitrogen atoms it docs not yield an amide with 
acetyl chloride ; so it is cleai' that both nitrogen atoms must 
be tertiary ones. Oxidation^ with permangiuiate pnvlucos 
fi-om pilocarpine a mixtin’O of metliyl-umi, homupilo]ac acid, 
and ])ilopic acid. As inlopic acid is derived fnmL hoinopilopic 
acid by further oxhlation, it will be best to examine first the 
constitution of homopilopic acid. 

Homopilopie acid is a lactonic acid, containing one lactone 
ring and one free carboxyl radicle. Ki'om the stability of the 
lactonic striictui^, the substance is evidently a y-lactoiie. Its 
composition is Ch 11 ] 2 < 14 . 

AVIicii fused with caustic potash, homopilopic acid gives 
a-ethyltricarballylic acid : — 

9 

(JgHo OOOIl 

HOOC- CH-OII-Ollg coon 

This substance must arise from a hydroxy-acid by the action 
of tlie potash ; and for this hydroxy-.icid thi-ce formulie are 
possible, from which wo must select the correct one : — 

' Harnack, Annalen, 1887, 238, 2S0. 

* Potit and PolonowHky. J. r/tamt. Chvn, (vi.), 1897, 6, 370, 430 ; 6, 8. 

« Pyman, Froc., 1912, 28. 2G7. 

* Potit and Poloiiowsky, Chem. Xentr., 1897 (i), 1126. 

* Tho supposed alkaloid jaborino appears to be a mixture (Jowutt, Trans., 
1900. 77. 474, 861 ; 1901, 79, 681. 1331). 

* Jowott, Trans., 1900, 77, 474, 853 ; 1901. 79, 581, 1881 ; compare Pinner, 
Bar., 1000, 38, 1434, 2537 ; 1001, 84. 727 ; 1902, 86. 304, 3448 ; 1906, 48. 1610. 
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CA 9s»« 

1 10 . 0 1 1. . CM . CH . Cir, . coon HOOC . OH . CH . CH, . COOff 

I 

COOK CHjOH 

, (I.) (il.) 

OjH, 

Hooo . Oil . cii . on* . on, . OH 

00011 

( 111 .) 


Nuw pilopic acid appears to be derived from homopilopic 
acid by losa of ciirbou dioxide luid oxidatiou of the carbon 
atom which carried thu destroyed carboxyl radicle. Of all 
the possible y-luctoiiic formula; derived from the three acids 
sliown ahovn, only two can fulfil this coi Jition — 


0 , 11 , 


OH Oir.OIl,.OOOH 


dHr-O— 00 
(A) 


0 , 11 , 

(ill CH.ClIj.OOOll 

CO-O-Cll, 

(«) 


The cun'csponding formulic fur pilopic sacid would thei'cfure 
bo — 

0,H, 0,11, 

OH CH.OOOII CH CH. 00011 

II I I 

011,-0-00 CO-O-OH, 

(a) (b) 


Now, owing to the fact that in (a) there are two carboxyl 
radicles (one in lactone form) attached to the same carbon 
atom, wo should expect such a compound to lose carbon 
diuxito easily on heating as malonic acid does. Pilopic add, 
however, is stable even at 200° C. It seems most probable, 
therefore, that pilopic acid has the formula (b) ; which leads 
ns to the formula (B) for homopilopic acid. 
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By this reosoDing, pilocarpine itself must contain the 
skeleton 

CjHfi -CH — CH CHj -C 

CO GII2 

in addition to a "roup C3TT5N2, which disappears completely 
on oxidation. With regard to the structure of this last com- 
plex wc mu.st look for further evitlenco. 

When derivatives of glyoxaline are allowed to interact 
with alkyl halides, ammonium comtionnds are formed which 
break down uud(;r the action of caustic potash, yielding 
primary aminos. Now when pilocarpine is submitted to this 
series of reactions, it gives rise to equi molecular quantities of 
methylamine, methyl alcohol, ami C7H7.NH2. plus two- mole- 
cular pro])ortions of formic acid. This decomposition can bo 
ac‘Couiito<l for by as.suming that its methyl iodide addition 
pi'oduct is traiisfornuid by caustic potash into an ammonium 
hydroxide of tlie following siructui-c:— 

OH 

I 

cji.-N — cir.., 

I ^ClI 1- 4HjOr-.(JH,NH. + C!;HrNll» l UH,()1I -|- 2UCOOI1 
ClI, 

Thus pilocarpine itself may have one of the following 
structui-cs : — • 


Olf, 

c,ir,,o,.iJ — N,^ 


orr, 


H.c N 


sCl£ 


C;ir„o,.u — N. 




H.(; 


II. (J 

I 

OH, 


H.(J N 




The exact conslihition of pilocarpine is not yet deliiied ; 
but as far as the evidcuce at our dispo.sal is nonccrucd either 

* Tt is a-oNuniMl that tho unioa botweon tho glyoxalioc group aod thn rost 
of tbe moleculo is origlnaily through carbon, n wandering of the homopilopic 
group taking place to the nitrogoii during the docompoaition. 
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tlie formula proposed by Pinner and Schwarz' or that sug- 
gested by Jowett^ suffices to account for the reactions of the 
compound — 


CH — N-CITo 

11 ' 

CO CJHa CH N 

Pinuor’ti formula. 


C3H5— CH CH- CHjj C N 


CO 


lir, 


CH 


-/ 


Vh 


CIT, 


O 


/ 


Jowott's formula. 


2. ImiAlocarpme ami Pilodiie, 

'J'ho oxidation of pilocarpine and isopilocarpino gives rise 
to the same products ; which shows that the two sul).sLauoes 
are closely allied in structure. Their chemical proj)crtics oi'o 
also very similar; and tiie absorption spectra of their nitrates 
aro idciiticiiL^ Further, piloc.'irpLnc and isopiloenrpine, when 
treated with alcoholic potash, are both converted into an 
equilibrium mixture containing cliietly isopilocarpine. From 
evidence of thi.s kind, Jewett * rq^ai-ds isopilocarpine ns a stereo- 
isomer of pilocarpine; and this view appears to cover all the 
moi'e important reactions of the alkaloids. 

The constitution of pilosino has been investigated ti/ 
Pyinan.'^ He finds that on distillation with potash solution it 
yields bcnzaldehyde and a substance called pilosinine, whicli 
closely resembles pilocarpine in physiological action. He 
ascribes to tlio two substances the following structures : — 

1 Pjiiiior and Schwarz, Iter., 190Sl. 89, i!441 ; Piuijer, ibid., 48, 1610. 

- Jowott. 7 m»w., HK)8. 88, 44-J ; li«5, 87, 704 ; Pyman, Trms,, 1910, 97, 
18U. 

’ Dobbio, cf. Hartley, Proa, dhetn. Sue., 1903, 19, 129. 

« Jowott, Trans., liNM). 88, 438; 1906, 87, 794. 

» J’yijian, Proe., 1912, 88, 267. 
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CeHg . CHOH . OH CH-CHa-C 

! I * V ® 

CH-N 


lo in. 


Piloflino. 


CHa- 

— CH 

cnj-o— -X-- 

I 

I 


CO 

CHa 

CU -X 


0 




Pilosiuino. 


3. 77/.(j Synthe»is of Hintidine, 


Wy heating together potassium thiocyanate and the 'hydro- 
chloride of di<imido>acctone, aniido-nielhyl-glyoxaline mercap- 
tan is produced ; and when this is added to dilute nitric acid, 
it yields 4- hydroxy methyl-glyuxjiline (I.) which forms the raw 
material of the histidine aynthesis.'^ Oxidation with chromic 
acid converts it into glyoxaliue formaldehyde (il.) — 


Oir NIK 
II ^CII 
HO.CHa.C 

(I.) 



By means of acetic anhydride, the formaldehyde dortvative ia 
eondeiised with hippnric acid to form 2'phonyl-4-[]-acetyl-gly- 
oxaline-d-niethyliflinoj-oxazolono (IN.) : — 


(jo— Nllv 


CH-Nirv 

li 

JIT.CJ 


\OH,+OCIT 

HO— GO/^ 

Hippnric acid. 


0 , 11 , 

(! -N. 


CO. OH, 
Oil— k 


O— Cl 


^^C=CH.C— N 


(II.) 


(III.) 


’When this oxazolone derivative. is boiled with very dilute 
sodium carbonate solution, the acetyl group is split off and 
the oxazolone ring\>pens. If, now, the calculated quantity of 
an add be added, the compound (IV.) results. Eeduction of 


Pyman, Tram., 1916, 109, 186. 
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thifl produces benzoyl-histidine (V.) from which liistidine itself 
is obtained by hydi’olysis — 

CH 3 .CO 

C,H6 I 

CII-Nv 

(III.) 


C — N. II \CII 

1 >C=CFI . C — 

0— C( 


-CO'^ 

Na, GOj i and acid. 

OH -NIL 

CeH8.C0.NIL || >011 

(IV.) >C=CH.C 

nooc^ 

'I' reduction. 

0,irB00.Nl£ CH-NIU 


(V.) ^ 

Konzoyl luKtidino. ( K )01 1 


ill I. 

1 II >CH 

CIE CII 2 0 - 


-j' hydrolyKiH. 

NHg CH Nil 


Hintidinu. CJl -01 1 2 0 

I 

0001 ! 




I.— SoMK Derivatives of Kiujot and their Allies. 

The t^aminatioii of ergot has resulted iu the discovery in 
it of numerous compounds of physiological iiiUtrost, for several 
of its products have markcvl intluence upon the blood pressurs 
system and in other dii-cctions as well. Though all tlie sub- 
stances with w'hich we aro about to deal tu-e not strictly 
alkaloids within the definition which was given at the beginning 
of this chapter, it seems desirable to strata a point and include 
them in this survey rather than omit to mention them on 
grounds of mere punctiliousness. 

Taiiret ^ discovered an active principle ju ei^ot ; but it was 
not until further work hod been done by Barger and Carr^ 
that the composition of the materials was made clear. The 

> Tauret, Compt, rend., 1876, 81, AUG ; 1878, 86, 888 ; ^nn. Cnim. Phys., 
1879 (V.). 17, 493. 

• Barger and Carr, 2Va»w., 1907, 91, 831}, 
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last two authors isolated two substances, ei^otoxine, 035114100X0, 
and ergotinine, CooHjigOoXo. It will be noticed that ergotoxine 
contains a molecule of water moro than crgotinine ; and subse- 
quent investigation^ proved that ergotiuiue is the lactone of 
' ergotoxine, whicli is therefore a carboxylic acid. Both 
ergotoxine and crgotinine give on destructive distillation 
isobutyryl-formamide, (0113)20 H . 00 . CO . XIf2. Beyond 
this, notliiiig definite is known as to their constitution. 

Further examination of ergot brought to liglit another 
physiologically active substance, 7>hydro.xy-phenyl-othylamino. 
This compound is also found in putiid meat.’’ It has been 
synthesized by the reduction, with sodium and alcohol, of 
7?-hydroxy-phouy l-acctonitrilc : — 




-CHo OHa-NII^ 


It has also been obtained in even better yield by acting on 
anisaldehyde, CU3O . . CIIO, with niti-oniothane to form 

CH3O.C0H4.CH : Oil. NO3, whicli is then reduced to the amine. 
Demethyhition of the methoxy-group completes the process.^ 
The structure of this siibstauee is interesting, since its 
skeleton occurs in adi'ciialinc,''' the active i>rinciplo of tlie 
adrenal gland and also in hordenine,’’ which is pi'cscntin barley — 


HO 


HO 



--CH(OH) CH2.NH.CH3 

Adrenaline. 


iro ^ CHs-CHs.N(CH,), 


llordotiino. 


Yet another active substance^ was found in ergot: 4 -/^- 
amino-cthyl-glyoxalinc, which is obviously closely related to 
histidine — 


' Barger and Tlwinn, 97, 284. 

« Barger, Tram., TJOJ, 96, 1123. 

■ Barger and Walpole, J. PhyaioL, 1909, 89, SdS. 

* Bosenmund, Ber., 1909, 48, 4778. 

« Jowott, Tram., 1904, 86, 192. 

* L£gor, Compt. rend., 1900, 148 , 108 ; 148, 284, 91G. 
^ Barger and Dale, Tram., 1910, 97, 2592. 
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/N O.CITj.OHj 

CIE ; 1 

\ I Nlfjg 

NJI--CJI 

4*/l-ainino<otbyl-glyox&lme. 


— C.CHj.CH.COOH 
CIl I' I 


\ 


NH-CH 


NH, 


Histidine. 


finally, a subfltauce agmnline^ lias been extracted from ■ 
(ii^'ot; and it is found tliat it is related to the naturally 
occurring amino>acid argiuiiie iu exactly the same way os 
the glyoxaline derivative mentioned above is rotated to 
histidine — 


Agmaline NH : 0(NH2) . NH . (CH2)3 . CHg . NHj 
Arginine NH : C(NH2) . NH . (0112)3 . CH . COOH 

Nils 


It may be well to give the syntheses of sulrenaline and 
hordenine , since both t1io.so siibstfinccj are of interest not only 
on account of their physiological properties but also owing 
to their structural relationship to tlie ei'got deiivativus. 

Adroinlino has been synthesized iu tlie following way.^ 
Oatecliol is ti'oalod with chloracetyl chlnrido to ])roduce 
cliloracctyl catechol ( 1 .). Tlic action of methylamine converts 
this into the ketone adreiialone (l£.), which can be reduced 
elcctrolytically, or by the use of alumiuLum amalgam, to 
adrenaliue (HI.) — 

CO . CIIj .Cl CO . Cllj . NH . CH3 CH(OIl) . Clfj . NH .CH3 

I I I 



CbloTOcetyl catochol. Adreualono. Adtonaliiie. 

( 1 .) ( 11 .) (HI.) 

Another method takes os • its starting-point protooatechuic 
aldehyde. This is subjected to the cyanhydrin reaction and 
the cyanhydrin so formed is reduced to an amine. Methylation 

^ Engelaud and KutHohar, 1910, M, 479. 

* Stolz, Ber., 1904, 87, 4149; Dakin, Pnc. Hoy, See., 1906, 76 (B), 491. 
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of the amino-gronp yields adrenaline. The compound formed 
in each case is the racemic base, from whicli the antipodes can 
lie obtained by resolution of the tartrates. 

Since hordenine is the dimethyl derivative of p-hydroxy- 
phenyl-ethylamine, it might be supposed tliat the latter would 
be used as a starting-point in the hordenine synthesis. Owing, 
however, to the readiness with which hordenine, when formed, 
passes into the tetra-alkyl ammonium salt form, it is found better 
to set out from phenyl-ethyl alcohol. This substance is con- 
verted into the corresponding chloride which, when treated with 
dimethyl-aniline, yields the base Cslf5 . CIf2 . OEIg . N(OH3)2. 
The missing hydroxyl radicle in the para-position is introduced 
by nitration, reduction, and diazotization in the usual manner. 
Another method consists in the mcthylation of p-methoxy- 
phenyl-ethylamiiie followed by the action of hydrioilic acid 
which splits off the methyl radicle of the metlioxy-group. 

With i-egard to the efl'cct of structiii'e upon physiological 
1)1*0] icrties, it is interesting to note that the conversion of the 
alcohol adrenaline into the ketone adrenalone does not destroy 
the physiological activity ; nor is tlie presence of the methyl 
radicle attached to the nitrogen atom essential. One liydroxyl 
radicle in the lienzoiic nucleus appears to bo suiricient. A 
marked intluciice is exerted by the introduction of a methyl 
radicle in the «- or /-l-positiou ; for compounds containing this 
groiipiug arc much loss active than the parent substances. 
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THE POLYPEPTIDES » 

1. hitrodncioTij, 

When we cx.'imiiio the contents of the cells from which living 
tissues are built up, we find that they are for the most part com- 
posed of albuininons bodies of itvtremely complicated chemical 
character. These albumins are distiiuniishcd from all the other 
naturally occurring substances by the fact that animal life may 
be supported upon tliem alone in conjanctiou w'ith water and 
salt; whereas fats and carbohydrates dc) not in themselves 
furnish noiirishineut suilicient for the support of animal 
functions tor an indelinite period. The importiincc of the 
albiiniiiis from lh(3 physiological {Hjiiit of view, therefore, can 
hardly be over-estimated ; while from the chemical side they 
furnish one of tho most difficult and comjdicated problems 
which tho organic chemist has yet attacked. 

The difficulties of the reseai-ches which Iiave been carried 
out in this branch of organic chemistry can hardly be over- 
estimated. In tho first place, many albumins arc iion- 
cr}'stalline substances which require special trcatmeni before 
they can be obtained in crystalline form ; this, of course, makes 
it very difficult to determine the state of purity of ai.y s})ecimeu 
under consideration. Secondly, the extreme sensitiveness of 
albumins to heat, acids, or alcoliol renders them very liable to 
1)6 altered during the progress of the ordinaiy chemical reac- 
tions. Again, the molecular complication of these substances 

' A complete sot of referonooa up to 1906 will ^)o found in a leoturo by 
Fiflchor {JJer., lOOG, 89 , 530). Soo aliio Fisohor, Bn., 1906, 89 . 2893 ; 1907, 40 , 
1758,3704; 1908, 41 , 850, 2860; Fischor and Ki'misii, Ber., 1907, 40 , 2048; 
Fisohor and Sohulxo, ibid., 943 ; Fischer and Oerngrosn, Her.. 1903, 48 , 1485 ; 
Fischer and Luniak, ibid., 4752. Fischer’s papers have been reprinted in his 
book DU Aminosiiuren, Polyppptide und Proteine (1906). 
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must be tremendous, if we are to judge from molecular weight 
determinations: egg albumin has been estimated to have a 
molecular weight of at least 15,000, according to the results of 
the freezing-point method.* 

In the foregoing chapters we have dealt at some length 
with the constitutions of various compounds, and it will be 
remembered that there are two general methods of investigating 
the constitution of any given substance. We may attack the 
question from the synthetical side or from the analyticid i)oint 
of view : in the first case wo study the general properties 
of tlie sul)stance, tlion ask ourselves in what way we can 
build up a moleeiilc wliose reactions will resemble those of 
tlie one we nrc examining, and having synthesized this body 
we com])are its mictions with those of the original; in the 
analytical nictliod, we take the molecule to pieces in various 
ways, and isolate a series of decomposition ])roductH, from 
whicli we endeavour to guess the manner in wliich they were 
arranged in ihc original molecule. Now, in the case of the 
albumins, tlie first line of nuscurch turned u|)on the analytical 
results. This was to be foreseen, foi‘ it seemed almost im- 
possible to liuild up molecules of such extreme complexity. 

Tlie oxidation of tlie albumins cannot be said to have 
yielded results of any great interest; the major part of our 
knowledge of these bodies has been obtained by means of 
hydrolysis roactions. When ferments are allowed to act upon 
protein derivatives, the bodies first formed are albuvioses and 
peptones. Tiie interiuediate compounds can be further broken 
down into uiniiio-acids. Hydrolysis by means of alkali takes 
place iiioro rapidly ; while acids decompose the albumins most 
easily. It Is thus made clear that the substances lying at the 
base of tlie albumins belong to the class of amino-aciris ; and, 
further, that these acid nuclei aro linked together in some way 
whicli allows tlicm to be separated one from another by means 
of hydrolysis. It is evident that amide-formation is the most 
probable method of uniting the nucloi ; and from this point of 
view Fischer took iip'tho work of synthesizing some mrapounds 
which, while not themselves of the protein class, would show 
suflicient resemblance to the naturally occuning substances to 

* Owing to tho colloidal nature of tlio albuminB, it is unsafe to place too 
much reliance on the exactitude of those results. 
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allow U8 to deduce the probable constitutioii of at least part of 
the albumin molecule. 

To describe tliese synthetic substances, Mschcr proposed the 
name roli/p<^tide«** by which he intends to denote those 
compounds which are derived from two amino-acid molecules 
by the elimination of water. A few polypeptides have been 
obtained by the hydrolysis of proteins, but by far the greater 
number are synthetic. We may now give the outlines of tlio 
metliuds employed by Fischer in his researches. 


2. Mttlhoda of Si/nthmzinff Polypoptides, 

As a first step in polypeptide syntheses, it was necessary to 
obtain mono^mino-acids. This Fischer did by means of the 
ordinary inetlLods — action of aTiimonia on the esters of bromo- 
fatty acids or by Sti-eckcr’s cyanhydrin method (addition of 
hydrooyanui acid and ammonia to an ddehyde and hydrolysis 
of the cyanhydrin thus formed^ Now, having obtained those 
acids, another problem presents itself. If wo combine together 
two nicemic acids we shall liave not a single reaction product, 
but a mixture of two now racemic substances. For instance, 
if we start with racemic alanine and racemic leucine, wo should 
produce a mixture of the foiu' isomers — 

r/-Alauine-</ •leucine. d-Alauino-/-leucine. 

/-Alonino-Meucine. f-Alaninu-(Moucino. - 

The two substances in the left-hand column then combine to 
form a racemic substance, and the two in the right-hand column 
to form anoUier racemic compound, so that we sliuuld have two 
new bodies instead of a pure compound. And, of rourse, if m 
coupled together more tliau two locemic acids we should find 
the number of stereo-isomers in the product increased in like 
manner. This evidently thi-ew considerable difficulty in the 
way, and to avoid it Fischer resolved to use in his condensations 
optically active acids only. By this moans he excluded the 
possibility of racemic compoifirids being formed, so that from one 
pair of amino-acids ho obtained only a single reaction product. 

This did not clear the experimental difficulties away, how- 
ever-, it only carried them one step further back. For, owing 
to the very weak acidity of the amino-acids, resolution of these 
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substances into their optically active antipodes by salt-formation 
with active bases was by no means an easy task. Fischer 
evaded this difficulty in turn by one of his usual simple artifices. 
He benzoylated the amino-group of the acidj and thus reduced 
its Imsic properties to a minimuiu ; thereafter, resolution into 
the optical antipodes X)resented no difficulty, and after this had 
been accomplished, the benzoyl radicle was split off and the 
optically active amino-acid remained. 

1. The first method employed by Fischer in tiie actual 
synthesis of polypeptides depends upon tlio elimination of a 
molecule of alcohol from two molecules of amino-ester — 

NHg . CHa . GOOEt -h NHj . CHg . COOEt 

= NHa . GII 2 . CO . NJI . CHg . COOEt + EtOU 

Now, it will bo scon at once that if wc applied this method 
as given above to a mixture of two different amino-acids, it 
would be sheer chance that would govern the x)roduotion of the 
end-p]‘oduct. For exaiiqile, if we were to combine together the 
two enters (A) and (11) we should get a mixture of ((*) and (D) 
in the reaction ])i'oduct — 

(A) NJIg.CHj. COOEt 

(Jl) NIla.Cll.COOKt 

ilia 

(0) NlIa.CHa. CO. NK.CII. COOEt 

(D) Nlfa. CH. CO. NH.CHa. COOEt 
CHj 

This difficulty in its turn wa.n overcome by Fischer in a very 
simple manner, llefore condensing the two suijstaiices togetlier 
he flowed one of them to react with ethyl chlorocarbonate, 
whicii acted upon the amino-gi-oup and protected it from 
further attack — 

Cl . COOEt -f- NHj.. CHa . COC^Et 

= ElOOC . NH . Cir, . COOEt + HCl 

When a compound such as this is heated for thirty-six hours 
with the ester of an amino-acid, alcohol is eliminated between 
the — NHa group of the amino-acid and the — CH# . COOOEt 
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(rroup of thti above substauco, whose amino-group cannot react 
in this way. Thus we know at once the constitution of the 
resulliiig compouud. An example will serve to make the 
mutter clcjir. If we start with the substance glycyl-glycine,* 
and treat it with chloro-carbonic ester, we shall obtain the 
substance shown below, glycyl-glycine carboxylic acid ester — 

KtUOC . Cl + Nila . Clfa . CO . NH . CHg . GOOEt 

= KtOOC . NH . Clla . CO . Nil . CHg . COOEt + IICI 

AVliun tliis substance is heated for thirty-six hours with 
leucine ester, ethyl alcohol is eliminated in the following 
way : — 

KtOOC.NH.C}r2.CO.NJI.CH2.COOEt-hNHa.Cl£.(C4Ho).COOEt 
= EtOO(J.Nir.CHa.CO.NIT.C]r2.CO.NlI.CH(C4H2).C()OEt 

This substance is the carhoxylici ester of glycyl-glyciiie- 
leuciue ; as can be seen from the foriiiu' c, it can have no other 
constitution than that shown. This csirlHithoxy-glycylglycyl- 
leucine ester contains three amino-acid nuclei, and is therefuit) 
called a tri-peptide derivative. 

II. The yields of eiid-jmidurt from the foregoing method of 
synthesis weie poor, and Eischer theiidbre turned to another 
way of attaining his objective. When the ester of the chlon)- 
carbouic ilerivalive of an ainino-aeid is treated with thiouyl 
chloride, an acid cliloride is formed; and tliis readily con- 
denses with aniino-ustors, fonning polypeptide derivatives. 
Eor instance, if we start again with the derivative obtained 
by the action of chlorocarhonic ester upon glycylglycinc, and 
tiieat it with thiouyl chloride, we shall produce the chh'ride 
whoso constitution is shown below — 

EtOOC . NH . Clla . CO . NH . CITa . CO . Cl 

When this chloride is condensed with glycylglycinc ester — 

NHa . CHa . CO . NH . CHg . COOEt 

it yields the tetra-peptide dericrative, glycylglycylglycylglycine- 
carbethoxy-estci- - 

EtOOC.NH.Clfa CO.NH.CH3 CO.NH.CH2.CO.Nll.CH2 COOEt 

* Fischer terms “ glyoyl ” the radicle Nil, . GIE, . GO— which is derived 
from glycine (glyoocoll) Nil, . ClI, . GOOII. 
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III. The drawback of the two foregoing methods lies in 
the fact that, so far, no method has been discovered by 
means of which we can eliminate tlie group— COOEt, which 
is attached to one end of the polypeptide chain; so that 
neither method can be employed to build up a true polypeptide. 
Fischer therefore devised another method by means of which 
the polypeptides themselves can be produced. Starting from 
the ester of a substance like glycine (I.) or glycylglycine, he 
treated this with chloracetyl chloride (IT.) or some similar com- 
pound. Hydrochloric acid is eliminated, and the two molecules 
combine together to form a compound witli chlorine at one end 
of the chain (HI.). The ester group at the other end of the 
chain is then hydrolysed very carefully, and a chloro-acid 
produced (IV.), which, on treatment with ammonia, yields a true 
polypeptide (V.) -- 

(T.) NTIg . Olla . GOOF:t 
(II.) Cl . Cila CO . Cl 
(III.) Cl . CHa . . Nil . OHa . COOKt 

(IV,) Cl . CHa . CO . NH . CHg . COOH 
(V.) MH2 . Clla . CO . Nil . Clla . CQUH 

The I’casoii for hydroly-sing the ester (HI.) to tlio acid (IV.), 
lies ill the fact that, if this wore not done, an, amide would bo 
formed on tivatiiient with ammonia, and the amido-group would 
he most dinicult to got rid of later. 

IV. A variation of the previous method may also" be used. 
If we take the substance — 

Cl . inu . CO . NH . CH2 . COOlf 

which was formed in tlio course of tho last synthe 8 i.s wc 
described, and treat it with |)entacliloride of phosphorus, we 
convert the acid into the chloride ♦ — 

Cl . CHj . CO . NH . CIJ2 CO . Cl 

f 

* Thionyl chlorido is a hotter roageut than phosphorus i<otitiu)hlorido for 
producing acid chlorides. The reaction takes ploco accord ing to the oqiiatloii— 

. R . COOiT + SOCl, H . CO . 01 + SO, + UOl 

from which it will be clear that tho acid ohloride can bo obtained pure simply 
by boiling off tho sulphur dioxide and hydrochloric acid. 
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which can then be made to interact with glycine ester, yielding 
the more complicated substance^ — 

Cl . OJIa . 00 . NH . CH, . 00 . NH . CHg COOKt 

The roniainiug chlorine atom may then be replaced by the 
aroiiio-groiip by means of ammonia ; and after hydrolysis of the 
ester group the tri-pept-ido glycylglycylglycine is formed — 

NHj . Oils . CO . NH . OITj . CO . Nil . CHg . COOH 

V. This modification has been further extended. When 
amino-acids are treated witli a mixture of acetyl chloride and 
pho8])horu8 pontachloride, the corresponding acid chlorides are 
fbmed. These can be combined with other amino-acids, and in 
this way we can obtain polypeptides. I'or instance, if we take 
glycine and li-eat it as described we should expect to produce 
glycyl chloride — 

NIla.CFfa.COOH Nir^ J Hg . CO . Cl 

This can ho condensed with another molecule of glycine, 
forming glycylglyeine-- 

NTlo . CIT., . CO . Cl + NlTg . Cllg . COOH 

= NHg . Clfg . CO . Nil . CHg . COOH 

VI. [f we abstract two molecules of alcohol from two mole- 
cules of an a-amino-cster, a cyclic substance is produceil, which 
is a derivative of ay-diketo-pipemzine — 

ClTg -NHg KtO CO CHg NH -CO 

I 4- 1=1 I + 2EtOH 

CO — OKt • HgN-CHg CO -NH-OHg 

This cyclic compound, when Ciirefully ti-eated with hydro 
chloric acid, can be opened out into an open-chain body, 
glycylglycine — 

CHy-Nll-CO Olfg- NIIj COOH 

I I + HgO = I I 

CO- -Nil -CHg CO — NH- Cl fg 

liy choosing the appropriate *aiiiiiio-oster *from which to start, 
a given polypeptide may bo obtained in tin's manner. 

Wo cannot go into details with regard to the various 
substaiiccB which have been synthesized by means of the 
foregoing methods, but there is one substanoo which is wortliy 
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of mention. Fischer cvontaally synthesized an octadeca- 
peptide in the following manner. Starting from dextio- 
o-bromo-isocapronyl-diglycylglycine — 

Br . CH . CO . (NH . OH* . CO)* . NH . CH* . COOH 

C*H, 

he treated this according to the fourth method, combining it 
with penta-glycylglycine, and, finally, exchanging tlie bromine 
atom for an amino-group, he obtained hevo-leucyl-octaglycyl- 
glycine — 

NH* . CH . CO . (NH . ClI, . CO)* . KH . CH* . COOH 

A.h, 

This polyi)cptide was then coupled with dextro-bromo- 
isocaproyl-diglycylglyoine, and again treated with ammonia, 
whereby tlic tetradoenpeptide shown below was formed — 

NH, ,CH.CO(Nir.CHa .GO),.Nir. OH. 00. (Nil. OIlj. 00)^. NH. CH,. OOOII 
i.H. <!i.ir, 

Lnivo-]euqyI-trlKlyc)'Mwv'o<leiicyl>i)ctiiiKlyi‘yI>glycine. 

By a reixitition of this seiies of reactions the octadeoapep- 
tide w>i.s formed, wliich hiis the constitution sliown below — 

NIf, CII<C^H,).CO.(NH.CH-.CO),.NTf.CH(C,ITJ.CO.(NH.CH,.CO), NH 

HOOC.CH,.NH.(OO.ClI,.NH),.CO.(ln.C,H, 

/-Lcupyl-trlglycyW-Ionuyl-triKlycyl-f-Ioiiryl-oetaiflyRyl-tflyeiiiv. 

This extraoixlinary substance ir apparently one of the most 
complicated systems of known constitution which Jias hitherto 
been synthesized. Its molecular weight is 1213, while that of 
the fairly complicated natural body, tri-stearin, is only 891. 

3. Th£ BemnUaMes Utwem tlis Pdy^nfptides and the Proteins. 

We must now briefly summarize the main characteristics of 
the polypeptide class, and it may be of intei'est to compare them 
with those of the naturally ocenning pi-oteins. The polypep- 
tides are solids, which usually melt at about 200" C., with some 
decomposition. They are easily soluble in water, but insoluble 
in alcohol, like some of the (dbumins ; and instead of having 
the usual insipid or sweet taste of the ordinary amino-acid, 
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they aro bitter, like tho protein derivatives. Tn dilute sulphuric 
acid solution they are precipitated by pliosphotungstic acid, 
in which behaviour they resemble tlie albumins. Both the 
natural and artificial classes give the biuret reaction. The 
action of ferments, or of acids or alkalis, is the same in both 
classes ; and similar products are obtained when animals are 
fed with polypeptides and .'ilbumins. In tho ca.se of ferment 
action it is found that much dei>eiids upon tlie groups which 
liavo been used in building up the^polypeptide structure, some 
polypeptides being much more easily fermented than others. 


4. The Proldiis. 

Ill order to .sec the results of the polypeptide investigations 
in their true perspective, it is imcossary to glance briefly at tlie 
chemistry of the proteins. No attempt will he itnide to enter 
into tho subject in detail, as it belongs ' ) hio-chonii.stry rather 
than to pure oiganic chemistry; and tho description of the 
properties of many ill-defined classes of compounds would merely 
])rove weariHomo without adding much to tho information of 
the roa(h*r. 

The proteins arc niti'ogonouR niateiiiiLs which comprise the 
most important portion of tho contents of coll.s in tlie animal 
body and which also occur in plants. They form the main 
constituents of animal nouiishmeiit and are thus eoiiverted into 
the substances from which tho organised part of the animal 
frame is constructed. It is evident that they are of the 
gi’eatest importance in vital ])rocesse.*«. 

The chemical invest igatiun of this gi’oiip of suhstaiices is 
lieset witli many diflicultioH, some of which are d.ue to tlii. 
colloidal nature of many pnitciiis, while others ariso from the 
complexity of the protein structuii*. Kven the cla.ssiflcation of 
the proteins is of the roughest nature, dc^icnding upon tlicir 
solubility in various reagents and similar characteristics. Tims 
it is very difficult to decido, in some cases, whether a protein 
should be placed in one clTiss or aiiotlrer; and this must be 
buriio in mind lest the nomcnclaturo should lead the reader 
lo imagine that there is as sharp a distinction between, say, an 
albumin and a globulin as there is lictween an aliphatic acid 
and an aromatic alcohol. 
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The albumins, of which white of egg is a common 
example, are proteins soluble in water, from which they can 
be separated again by salting out. On heating, they undergo 
coagulation. 

The globulins, on the other hand, are almost insoluble in 
water, but dissolve in dilute iicids, alkalis, or salt solutions. 
They aie coagulated on heating, and are precipitated from 
saturated solutions of magnesium sulphate, in which respect 
they resemble the albumins. 

Tlie sclero-proteius, such as gelatine and keratino, arc dis' 
tinguished by the fact that they form sticky, gelatinous materials 
when treated with water. They are also characterized by the 
readiness with which they dissolve in alcohol. 

Allied to the foregoing aie the piotamincs and histones, which 
are of a much simpler nature than the mein1)ors of the first 
three classes. Of tlic two, the protamines are the more l)asic 
in cliaractcr; while the histones stand midway between them 
and the albumins in this rcsj^ioct Both chisscs are found in 
iisb si)erm, generally combined with nucleic acid. 

The next group of compounds is more complex in certain 
ways ; fur in addition to the ordinary type of albumin structure 
they contain other group.s of a diUcrcnt nature, and they are 
therclbro to be reganleil as conjugated proteins. 

The conjugated proteins may be divided into three classes 
according to the “ prosthetic grrmp ” which they contain. In 
the ca.se of those substances which contain nucleic acids, the 
class is termed iiucloo-proteins ; when a carbohydrate group is 
present, the compound belongs to the gluco-proteins ; whilst if 
the prosthetic gi-oup be chromatogen, the body belongs to the 
chromo-protein series. Logically, the phospho-proteins and the 
lecitho-proteins ought also to be included under the heading of 
conjugated proteins. 

Turning now to derivatives of the proteins and treating 
them in a descending order of complexity, the first class in- 
cludes the meta-proteins. These are obtained by treating 
complex proteins with ucid, which gives rise to acid-albumins, 
or with alkali, which yields alkali-albumins. The ucid- 
albumius are insoluble in water or salt solutions, but soluble in 
dilute hydrochloric acid or sodium carbonate solution. The 
alkali'albumins are insoluble in water or salt solutions. The 

0 
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main diirerciicu between the two elasses is that the acid- 
an)uiiiiiis have no oifect upon calcium carbonate, whereas the 
alkali-albumins liberate carbon dioxide from it. 

The next class of protein derivatives contains the proteoses 
such as albiimose, globulose, etc. These substances can be 
obtained from the albumins by hydtxilytic decomposition in 
Ijreseiico of certain enzymes. They are soluble in water even 
when their parent substances were insoluble ; and the further 
the dcciunposition has proceeded, the more readily soluldo the 
product a[ipears to be. Tluiy can be salted out of solution by 
means of amnion iuni sulpliate in presence of acetic acid. 

Closely allied to the proteoses are the peptones, the main 
difference between the two classes being that the peptones are 
not thi-oun out of solution in presence of aiamouinm sulphate. 

Finally, wlion the fission of tin*, protein moleeiile hits boon 
carried to its fuitliost stages, the po lypeptides and the simple 
amino-acids arc reached. 

it must not be supposed that the foregoing 8im])liiied 
sclieme includes all the degradation products of protein mole- 
cules. in addition to amino-acids, certain hydroxy-amino-acida 
and biinplo inlty acids have been isohitcil ; while sulphur 
derivatives such as cysteine (I.) and its oxidation product 
cystine (11.) arc found. Tryptophane (III.) and prolinc (IV.) 
have ahso hcuii recognized in some cases. 


IIS . CII2 . (Ur(NJl2) . ( !()()ft [S . Clla . ClL(Nll2) . COOIIJ2 

ir.) (II.) 



cj.cjf2.cn(Njj2).coojj 

1: 

(jii 

(III.) 


OH, Oil, 
<*'U,\ /du.Ot>OH 

Nir 

(IV.) 


Carbohydrate derivatives have been detected, includiiig a 
nitrogenous compound glucosamine — 

CHjOH . CII(C)H) . CH(6 h) . Cn(OlI) . CH(NH2) . ClfO 


and the action of putrefying bacteria results in the formation 
of the diamines : putrosciue Nlia . (CH 2 ) 4 . NH 2 and eadaverine, 
NHa. (0112)5. NHj. 
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Wlicu a uuclco-proteiii is subjecLeil to reagents wliiuli bn;ak 
it down the process is a complex one: 

Niiclfiu-proluiii 

I i'cptic di^vstion, nr IK J 

! I 

L'rutciii X Niifluiii 

Knll 

l*rotuiii Y Nunluio iicid 

I Kiirtlii'.r liydriilysiH 

Pho*<phoric acid Uiirliuhydrutc Puriiii) bases 

I'roin this sclieniu it ciin bo .seen that when a nncleo-proLoiu 
is acted on by p(‘psin or is hydrolysod by moans of -dilute 
hydrochloric acid, it breaks down into two portions, one of 
wiiicli is a protein and the other a nuclein. Further hydrolysis 
decomposes the nuclein with the liberation of a second portion 
of protein, which ma^ be different in constitution frr)m the 
protein obtidned in the iireviuus hyilrolysis ; while a nucleic 
acid fornis the reiiiaiiider of the fissioji-prodiiels. Further 
(lecom|iusitiun of the iiuclole aeiil yields various nioleculos 
belonging to the carbohydrate and purine groups and also 
phosphoric acid. 

Tiie uoii'jtitutioii of the nucleic sicids is not yet dcliiiitoly 
established; but in the case of nucleic acid derived "from the 
thymus gland tlio following decomposition products liave been 
isolated : jdiusphoric acid, a hoxosti, two purine derivatives 
(guanine and adcniiiej, and two pyrimidine derivatives, 
(cytosine and thymine). Cluaiiiiio is 2-ainino-(i-oxy -purine and 
adenine is G-atuino-^uriue. Cytosine and thymine have the 
structures slufWn lielow ; 


N -‘C.Niro 

/ I ‘ 

o=(j ojr 

\ I 

Nil— CH 

, Cytobiuo. 


Nil— CO 

/ I 

' o=(’ (J.cmj 

\ il 

NH—CIl 

Thyuiiuo. 


It has been tentatively suggested that thymus nucleic acid has 
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tlic following structure ^ ; but it must be regarded as merely a 
probable conjecture and not as an establislicd view. 


0 :I* 0 {l)II)s <):PO(OIl)* 

C4II4N,- ('JluO4~l*O(OH)-O-(l,H,()r-O-lUb*)*-O-l*OlOllM»-C*,Ui0O4-Call4N5O 

(Aikuliiv.) TalUNaO (s1IiN<r)| (Giuninc.) 

((’yLuNlrio.) (Thjniiiiiv.) 


Tlic foro;;oing sketch is sufricieiit to sliow the extreme 
complexity of the protein structure; and it indicates in 110 
uncertain way how far we still hiive to travel before we aiv. 
able to make a dcfiiiite statement with regard to the constitu- 
tion of even the simplest member of the protein class. At the 
present time, the upi)(ir limit of laboratory syulihcses is reiiched 
with comparatively simple polypeptides; but above that lie the 
])eptones, proteoses and meta-pn)teiiis, all increasing in com- 
plexity ; {Liid then come the proteins pro[)er. Nor is this all ; 
for wo liave still to clear up the consi Itutions of the conjugated 
proteins with their nucleic acid, cAi'bohydratc or chrumatogen 

gll)Ul)S. 

It will be seen that the jmiblem of the cellulosii constitution, 
which has hitherlu defied the oilbrts of organic chemists, is a 
mein elementary exercise when compared with the complexity 
of the protein molecule; for in the case of celluloses we iiavc 
to deal with only the three eleiiieuts carbon, liydrogon, oxj’geu ; 
and the decomposition { roducts involved in the leactions of the 
compound arc almost entirely contiued to the sugar group: 
whereas in the proteins the introduction of the extra elements 
nitrogen and sulphur coiuplicaUis the riddle, owing to the 
possible existence of many further types of linkage beiv^'Gen the 
atoms. 


> Lovonc tuid Jacobs, J. liiul. Chetn., 4012, 18, 377. 



CHAPTKR VllI 

THE (3HIi01U)l'}lYIir, mOBLTWr 
1. IiilTtnluctorif 

'J'liR climnical coDHlitntioii of Uiu gi'ccii (.‘olourin^ nuitlcr of 
[)laut.s oiTors a probloiu which has taxed bho ingenuity of many 
investigatora. Kvon so recently as five years ago oiir know- 
ledge of tlie chlorophyll stnictnn; was so frngineutaiy and 
disconnected that t.lie very name of the substance was omitted 
from standard textbooks. Ihit since then the compound has 
been submitted to rigorous scrutiny, iis roactions have been 
classified, its decomposition ]utMlucts brought into ndation to 
eacli otlier; and altiiough our views on the exact nature of 
its structure are still 11 aid, the inforniaiion at our disposal is 
suflicieut to remler a colieroiit iiccount of it possible.^ 

Ill the pi'esent cliapter an attem]>t will be made to link 
together tlie scattered data of the subject in a more or less 
connected scliemc,* and to pniseiit to the Header a summary 
of the important inforination wJiich has been acqun-ed. In 
this branch of chemistry, tlicory lias in many cases far outrun 
practice; and coiislitntiouul formulic. have bcim proposed for 
some substances the true structures of whicli are possibly 
different from those assumed for thorn. Under these cire.um- 
stances an endeavour wdll be made lui-e to indicate as clearly 
as jiossiblo the points at wliich e.stablislicd facts ond and pure 
hypotheses begin \ for it seems desirable to draw the line of 
demarcation as sharply as r^in be dune. Some of the formulie 
ascribed to certain compounds r^y bo accurate, though yet 

^ For a gcnoral account of recant rexcarclieH by WmsthtU'r, i-.cu Bfr. 191-1, 
47, 2SSL. 

* The reAdnr is advised to make use of the table at tho ond of this volume 
in any diflioulty which may ariso as tc tho ruliitions betwcoii certain chloro- 
phyll derivatives. 
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unproved ; ]>ut if. would be doing tho reader a poor service to 
leave him in doubt as to their actual present value, or to try 
to persuade liiiii into an acceptance of constitutions which 
later work may prove to bo erroneous. 

A st\ifly of tlie litc.rature on chlorophyll is beset with diffi- 
culties. Ill tlie first ])lace, tho noinenclaturc of the subject is 
til a large extent new and dineront from that with which the 
organic chemist is familiar; for instead of referring to acids 
in the usual terms, the investigators hav(« christened them with 
a bmnd-new siit of names, and as these titles have established 
themselves in the litonituro, it is hopeless to expect that they 
will Ijc altered ni'w. Secondly, chlorophyll contains witliiii 
its molecule a complex and sensitive grou])ing capable of 
niiderg.nng various intramolecular changes under the action 
of reagents; and these rcariangei lents form one of the most 
puxxling factors in the ])rob1om. 

The (extraction of chlorophyll from plants is a simple 
oiHiration. 'I'he leaves are nmioved fiom their stems, dried 
and powdered. Alcohol is then poured over the powder and 
the mixtuT'o kept conslantly stirred. After a longer or shorter 
time tho rhloroidiyll 2 >a.s,sus into tim liipiid, from which it can 
he extracted. liy this j)ro(*ess a “crystalline chlorophyll” is 
obtained ; wimreas when ether is substituted for ah-ohol, an 
“amorplious chlorophyll” is found in solution.' 

Tlie composition of " amoriihous chlorophyll” may be 
regarded ]}roviaionally as con-espouding to 
hut even hciu a word of caution is desirable. The lowest 
fioBsible molecular w'oight of a substance such ns tl-.is would 
rtsach nearly 900; and ixiilcictioii will show that tho •■xact 
analysis of so com^dex a componnd must be ilifficnlt in the 
('.xl.iuin(\ 

The complication of the formula makes it obvious that 
our chief kuo\yledgc of chlorophyll must l)e gained through 
an- ac(inniiitaiice with its degi'adatioii products. Three main 
types of reaction might he employed to break down the 
ohlorojdiyll molecule: oxidation, reduction, and hydrolysis. 
In practice, it has b(>en found that most information is gained 
from a study of the last class ; for oxidation and reduction 

' Willstiitter and Bonz, Annalni, 1908, 368, %7 ; Willstilttor and Opp£. 
ibifl., 1911, 878, 1. 
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pnivcd trt be coinj)arativoly useless in so far as the production 
of iinincdiiilc decoiupusition ]iroilucts is eoncernod. 

Along with chloTOphyll, two other colouring matters are 
found in Icavtis. The one, carotin, is coi>pery in colour aiiil is 
identical with the substance which giv(‘s their colour to carrots. • 
It is a liydronjirbon of thii composition C4OH05. The other 
colouring material, xanthophyll, is dark brown-red in tint ; 
has tlio composition O40H50O2 ; and Mtems to be an oxidation 
product of carotin.* It is siiggestc<l that in summer the green 
pi' chloniphyll masks the tints of carotin and xanthophyll ; 
but wlion in autumn the chlor*>phyll decays, the reildish 
pigments hecomo visible and give the leaves their autumn 
colouring. 

It is intei-csting to note that the chlorophyll of brown algm 
is iileiitical with that derived from laiid-phints,*'* a fact which 
a])pcars most unexpected from the tints of the organisms: 

2. Avwrifhiws GhlorophijH o.ml ho-imIM " 

ahrojfhi/ir 

As has been pointod out already, the extraction j)f e.hl«)n)phyll 
from plants by iiieaus of ether yields an amoridiniiK siiltstance. 
S])ccinn*ns of this ainorijhous pnaluct were. ohUiincd, under 
cand'iiUy rugiilak'd conditions, from about two hundred ditl'erent 
kinds of plants; and, on examination, it was found that all 
tlio samples yielded on deumi|>f»r.ition approximately the some 
amount — about 30 per cent, of an alcohol nnmcih phytol.'* 
This at once suggests that amorphous chlorophyll may he the 
])hytyl e.st('r of some unknown acid. 

Confirmation of this view was obtained by hydrolysing 
amorphous chlorophyll with cold dilute poliusii. TIuj products 
of the reaction are e( pi i molecular quantities of methyl alcohol, 
pliytyl alcohol, and the potassium saU of a tribasie acid, which 
is termed chlorophylliii.* It appears, then, that amoiqdious 
chlorophyll is a di-ester of this tribasie acid, chlorophyllin, in 
vvliich one of tho carboxyl groups i.s estorified with methyl 

' and Mioif, Annalcn, 1007, 3S5, 1. 

* Willstultor imd Pa(^, Annah'n, lOl-l, 404, 30'/. 

• WillHtjittcr, KocJioder, and ling, .lnna/r», 1900, 371, 1 ; WL. tdttci and 
Oppf, fWi/., 1911, 878, 1. 

‘ Willstiittor and Stoll, A?inti/fn, l910, 878, 18. 
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alcohol, .'mother with phytyl ulcoliol, whilst the thinl is occupied 
in some other manner. 

liut three carboxyl radicles would imply the presence of 
six oxygen atoms in tlie chlorophyll molecule; whereas from 
the analytical results tliere appciir to be only five. The 
lH)ssibility of internal anliydride t'onnaiion is excluded by 
the fact that ])hytochlorin-« (a decomposition product of 
chlorophyll) contains the same grouping and docs nut form 
.an amide with animonia.^ Since nilrogcu atoms .are found in 
the molecule, it might bo assumed th.at the third acidic group 
is present as an amide ; but in this case, ammonia would be 
found in the products of hydrolysis. The only feasible ex- 
planation is that the fifth oxygen atom uf anioiphous chloro- 
phyll forms part of a lactam ring which is opened u]) on 
hydrolysw, setting free the third carboxyl group.* 

Now since phytyl alcohol has the formula CjoHsflilH, it 
follows that on the above assum^ition wc can express the 
hydrolysis reaction thus^ 


/---N 

I irydrolyfliK 
(! ■ -> 
l-(100(ni3 

COOCaoKaa 

AmorphouH nhloropbyll. 




-=Nir + (IILOII 
--(!()() K 
-COOK. 

-COOlv + (^aolIs-jOn 
Clilocophyllin s>aK. Phvtol. 


(.’mTIsoVIk 


The CJise of “ crystalline chloifiphyll ” must now he ex- 
amined. Jt also is found to Ins a di-oster: but instead of 
the phytyl radicle it contains an ethyl group; tho second 
carboxyl radicle is esteri Red with methyl alcohol; vliilst the 
third carboxyl resembles the coiiusponding one of amorplious 
chlorophyll. Thus, during the extraction of cldorophyll with 
alcohol, it is (dear that tlie phytyl gnnip li.as been replaced by 
an ctliyl radicle. This process is traced to the action of an 
oiizymc, chloruphyllase, which is found in plants. During 


» WillHtiiltcr and Utaingor, Anmlen, 1011, SB2, ISO. 

* Jt will 1)6 Jioted that at thiH point diffioultioK arjKO am to the exact 
hydrogen coiiteut of those bodies. When the lactam chlorophyll is converted 
into tho acid chlorophylHu »n atom of hydrogen is taken up by the imido group. 
Wlllstiittcr's furniulu) take no account of this .Imuzfea, 1911, 878, S5). 
To avoid eonfusioii, tho present account takes as a starting-point tho composi- 
tion of chlorophyll-a ns given by Willstattor in Annalcn, 1912, 390, 227 ; and 
it must bo read accordingly. 
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prolonged proi^esses of maceration with alcohol, the chloro- 
phyllase from the plant tiRsnes siibHtitutes ethyl for phytyl 
alcohol, and “ crystalline chlorophyll is the result.^ 

As amorphous chlorophyll '* is a crude term, it may now 
bo replaced by something more scientific, if equally cumbrous. 
When one carboxyl radicle of the tri basic acid termed chloro- 
phyllin is csterified with methyl alcohol, the product is called 
cldorophyllido. If now a second carboxyl group in chloro- 
phyllide be csterilied with phytyl alcohol, the new substance 
is termed phytyl chlorophyll ido. " (Crystalline chloropliyll ” is 
oliviously ethyl chlorophyllidc. The billowing foriiiiila) * show 
the inlatioiis between the four compounds: — 

[ Nir 


G3,Tr3..N,Mg| 

CbloTOTihylliii. (‘.hlorophyUido. o xr « Tir,d COGlI 

-UCHHJH, 

( OOOCJjlI. 

• rhloropliyllido 

(CryslAlIinc i-liloropliyll). 

These forniubc arc given with all radicles free for the sake of 
clearness, but actually the aniiuo-gronp and the neighbouring 
carboxyl probably form the lactam ring immediately. The 
evidence on this jioint is given in § 7. 


/. ir VT I C*>oir 

./WXXT I'hytyl chloropliyllido 
-■-mur .woiir, (''■■“'phou. chtorophyU). 

(—coon 


-Nir 

-cjoori 


J 


-(’001 1 


Nir 


3. Th'. Bfrucfurc of l*hi/tol, 

(I wing to the great diificulty iuvolvcjd in purifying the 
decomposition jiroducts of phytol, the investigation of its 
constitution has proved extremely hard; and some crromjous 
data were given in the first paixjr on tlio subject ^ which have 
now been correetpd." 

Phytol has the composition CsqHsq . OH. It is therefore 
a member of the ethylene or thy polyniethylenc series. Tlie 
results of oxidation prove it to be an ethylenic compound. It 

1 WillRtiittor and Stoll, Annalm, 1910, 878, IR. 

f Seo Eootnote on p. ‘200. 

* Willfitiittor, Meyor, and Kilni, Annalm, 1910, 278, T.-l. 

Willfituttor, Soliuppli, and Mayer, Annalen, 1919, 418, ISl. 
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occurs in two isomeric Ibrins which differ from each other in 
the oiiao with which water is eliminated from tlio luolccule. 
This points to its showing geometrical isoinerism. 

When oxidized, it is converted into an acid, pliytemc acid, 
^19^^37 • COOII ; and as this contains the same number of carbon 
atoms as pliytol itself, tlic original phytol must be a primary 
alcoliol. CigH„‘CJrsl)U. 

Oxidation with climinio acid ])roduccs a ketone, O17H34O, 
the reaction having evidently broken the idiytol chain at the 
doulde bond. Since three carbon atoms are s^dit off during 
this oxidation, we are justified in writing the phytol structurca 
thus : 

CiethiC^CsITs.CIIgOlI 

('1I3 


Tlie methyl group atlachcil to the jthyleuic carbon atom is 
necessary in order to produce a ketone and not an acid u])on 
oxidation. 

Now tiio group : C2H3—muat have cither of the Htvuctin*cs 
: 0 ( 01 Tg)- - or : OH. 0112.0112. Oil; so that the formula for 
])liytol must bo : 


C. OHaOII or (;i6n.n<-J-0Il. CHaOH 

(fjir, in, OH, 


J'hytol. 

(*.) 


^3 

(H.) 


The alternative structure ( 1 1 .) appears to be excluded, owing 
to the fact that jihytonic acid forms a lactone, which i. a 
ixiactioii chanu^teristic of acids containing methyl groups iji 
the a- and /^-posituins and a double bond in the A^-positiou, as 
is the case in the phytol formula given above. 


4 . ChXorophyll-a and Chloropliyll-h, 

* \ 

Half a century ago Stokes ^ proved tliat the chlorophyll 
occurring in plants is a mixture of two substances differing 

‘ StokeB, Proe. Boy. Soc,., 18G4, 18, 144; compare Biol., 1907, 

5, 0 ; Ber. deutwh. bot. Qes., 190C, 94, .316; 1907, 96, 137; Bpt., 1903, 41. 1362. 
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ill tlicir spectra and solubilities in eertniii solvents; but his 
paper remained almost iiiiiioticiul by later workers, and it 
was not until 1912 tliat definite clieinical corroboration of liis 
Htatcinents was obtained^ 

The newer researches on the subject started from a different 
standpoint. Wlien chloropliyll was treated with eertaiu iv- 
iitrents, it was found that it 3 ’ielded a niixlimt of two sub- 
stances : phytochlorin-/! and phytorhodin-//. These compounds 
are found to occur among tlie degradation products of chloro- 
phyll ill the almost constant projjortion of live molecules of 
phytochlorin-c to two molecules «>f ]»hytorluHlin-//. At first 
sight it apiM’ars easy to account for this by assinning that the 
chlorophyll skeleton contains five phytoehlorin nuclei and two 
phytorhodin nuclei; so that in its decomposition it could give 
rise to the products in the iiupiircd proportions. This ex- 
])lanatioii lircaks down sit once, however, when it is shown 
that the molecular weights tif jihytochlorin ami jdiytorhodin 
are each approx inisitely the .same sis that of chlorophyll itself, 
if wc deduct from the latter the nioleoiilar weight of the ])hytyl 
radicle which does not occur in cither the ]»hyt.otthlorJii or the 
]shytorhodiii molecule. (’Icsirly, if tlie molecular weight of 
phytochlerin-c is nearly the ssune as that of the non-phytyl 
jMirt of the chlorojihyll molecule, th(*re is no room in the latter 
Ruhstsuin^ for five ])hytochloriii nuclei. 

Evidently only one w'siy can he found out of the difliculty. 
It is necessary to assume that ehlorophyll is a iiiixtvre of two 
coiii])oiicnts, one of w'hieh on di’grsidalion produces phyto- 
chlorin-fl whilst Iho other gives ri.se to phytorhodin-//. This 
view has I'lctually been proved correct^ l»y the sc'.paration of 
chlorojihyll into two portions : clilorophyll-ff ami chlorophyll- A. 
IJy shaking si solution of clilorophyli in petroleum ctlujr with 
some water containing methyl alc»ho' it is found that chloro- 
phyll-tt r(-inaiii.s in the jietroleum other whilst the chlorophyll -6 
passes into the aqueous layer. 

Ch]oro])hy11^t is a bluish-black in tint; contiiins half a 
molecule of water of crystallizjniion ; and gives only phyto- 
clilorin-c when it is decomposed. Chloroplivll-/> is greenish- 
black in colour; its crystals are anhydrous; and v^ien it is 

* WillstiitUsr and Tsler, AnnaUn, 1912, 8W), 269. 

* Ibid. 
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)>rokoii down it yields only phytorhodin-^. On analysis, chloro- 
phyll-rt is found to be — 

[C32Tl3oON4Mg](COOCJIa)(COOCaoH39) + 1 II 2 O 
whilst olilorophyll-ft gives results corresponding to — 
[C32Ha802X4Mg]((;OOCll3)(COOC2oH3o) 


5. Phfcophjftimt and l*hteoidMrliide&. 

When chloi-ophyll-a or clilorophyll-6 is treated with alcoholic 
oxalic acid, the magnesium atom of the molecule is removed 
and replaced by two liydrogen atoms.* In ibis reaction the 
ester groups of the molecule are left intact. 'I’he ]^roduct of 
tlie Inaction is clearly the metliyl-jiliytyl ester of the hydrogen 
deiivativo of chlorophyll. It is termed a phieopliytin; and 
the siiHix “a*’ or “ft” is used to indicai; from which of the 
chlorophylls it is dmived.i 

Further treatment hydrolyses away the phytyl radicle, 
leaving a inoiioinethyl ester, whicli is called a ph«oj>Jiorbide. 
Finally, lomoval of the methyl ratliele leaves a dibasic a(‘id, 
])lucophorbiii. llie following schenio will make the matter 
clear : — 


COOCII3 "Mg COOCJlIs 

COOCaoHao +”= t’OOCooUso 

Ctllorophyll-a. Phnpophytin-a 

(Phytyl phipophorbido). 

Hydrolysis COOOHs Hydrolysis 

> [^'82^*20^^41 f 

cooH 0001 r 

Phocophorbido-a. Pha>ophorbiu-a. 


As has already been remarked, the nomenclature of the 
chlorophyll derivatives dilfers from that usually employed 
in organic chemistry; and tlierefoi'e it may render the task 
of the reader easier if some indication be given at this point 


• Tbo rovorso clinnge (roplaoeineut of hydrogen by magnosuim) can be 
carried oat by boating the substance with magnesium oxide and caustic potash 
solution or by the action of tbo Grignard reagont (WiUstiiitter and ITors^n, 
Annaien, 1013, 398, 180). 

' Willstattor and Isler, Annakn, 1918, 890, 269. 
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of the relations between the various groups of comimnds with 
which it is necessary to deal in this chapter. The two main 
olasjes ai'c the magnesium-containing derivatives and the 
magnesium-free substances which uro derived from the others 
by replacing the magnesium by two hydrogen atoms 

Maonksium Debivativiss. 

• Chlorophyllin 
MgU((JOOJr), 

• Chlorophyllide 

• Chlorophyll 

(CUO( 3 il, 

Mt;UjU()0(isjr,a 
ICOOH 

Glaiicajihyllin, Rhodophyllin 

Ci/anophylliH, Krythi opliytlin 

PyrrojdiuUin, PhyUophyllin 
Mg.JU4(C001I) 

AHiojihyllin 

inspection of the a])ovc will show that letiophyllin and 
jetiopor[)hoi'in are thu ])areut substances of the two groups; 
the other inemlwu's ai\i olsdued from them by replacing 
hydrogen atoms )jy one, two, or thiee carboxyl radicles. 

0. Thr. Decomposition of CMorophyll by Alkali ami ly Acid. 

TImj action of alkali upon clilorophyll is twofold. Under 
certain conditions, a change in composition takes place; 
whilst under other conditions only I'cnrrangemciits occur in 
the chlorophyll structure. Tn the present section, for the 
sake of clearness, the decompositions will bo dealt with ; and 
a full treatment of the intramolecular reiurangements will be 
deferred to the next sectioa 

It will be remembured that whe * chloiophyll-a is submitted 
to the action of alkali at ordinary temperatures, the first change 

* Note that the third carboxyl gionp in thoso substaucoR ia loanked by 
lactam formation. It has been shown free in the above foimuln merely for 
the soke of bringing out tho aaalogieH between the various compounds. 


CJOBBBSnONDlNC} COMIHIUKIIS 
WllKKKIN Till!: Magnbhitjm Atoh 
18 liKFrACEi) jiy Two ^lyuiiouKM 
Atomk. 

* PlmofihorlAn^ Phylochtorin 

* Phcpt^dwrbidn 

* PhtPophyUn 

(GOOCH, 

HJijGOOt^oM»i. 

(Haucoporphonn^ llliothporphorwh 
Cyawmtrphorin, Krytfiropoivhorin 
U,U.H.(COOH), 

J*yrrtmorph<Hin, PhuUoporithorin 
jr,uir,(COOH) 

pFAurporpltorvn 



2o6 recent advances IN ORGANIC CHEMISTRY 


iiotud is tliti Iiydrolysis of the phytyl radicle. Tiiereafter, the 
methyl ‘;roup is dis])laced in turn; aiul, finally, the salt of a 
tribasie acid, ehlon)i)liyllin-a, is produced. If, now, the tem- 
perature be raised to 140® C., ciirbeu dioxide is split off and 
a dicarboxylic acid, ^laucophylliii, is furnied. At 165® C. in 
])rcsencc of alkali, this underjroes rearrangement into rhodo- 
phylliii, wIiLch is also a dibiusie acid. Treated with alkali at 
200® C., rhodophyllin in its turn lose.s carbon dioxide and yields 
a inoiiocurboxylic acid, ])yrruphyllin.^ 

If hot alkali be allowed to act din?ct u])on chloixiphyllide-a, 
with no previous treatment in the cold, the decomposition 
takes a different but parallel course, owing to an intranio- 
lecular change occurring which produces iso-chloroi>liylliii-fl 
instead of cldorophyllin-f/. With alkali at 140® (5. this iso- 
meric substance yields cyaiioph) llin, isomeric with ghiu('(»- 
phyllin. Cyanophyllin, when heated with alkali at 170® 0., 
gives erythrophylliii. Finally, from ci’\ uhrophylUu, alkali at 
100® C. puHiiiccs phyllophylliu.® 

Thu table on oitpositc page will sorvit to l)riiig out the 
parallelism uctwoeu the various compounds formed in the 
latter stages of tlie two reactions. 

Thi-ougliout these cdiaiigos, the magnesium atom of chloro- 
phyll I'otaiiis its place, in the molecule, as alkali.s appear to havo 
no power to displace it. 

Tin) action of acids u[/un chlorophyll, as was mentioned 
above, is to remove the magnesium from the molecule and 
rephuio it by two hydrogen atoms. Now it is clciir that 
similar treatment might be given to the decomposition pro- 
ducts of chlorophyll ; and it is fouml that in tiioir case.$ the 
same rtisult follows. Thus fur each magnesiuiii-cunti'iining 
derivative there is a corrcsiiondiiig hydrogen compound.® 

Til this way we obtain from glaucojihylliii the correspond- 
ing glaucoporplioriii — 


H VU.rlCOOU acid r., • 

CSlauoophyllin. • • (ilaucuporpboriu. 


^ Willatiittor and Fril/.iicko, Annak'n, l'J09,871, 33 ; and Willstiittor, JJrr., 
1914, 47. 2804. 

« WilLstiitter, ]ier., 1914, 47. 2854. 

* Willstiitiior and Fritzsclie, AnnaUmf 1909, 871, S3. 
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Clilorophyll-a 

COOCIL 

[CgaHaoON.MgJ 

Gold 
' Mali 

Chlorophyllide-tf 

(JOOCIL 

[CMlfa,0N4Mg] 

oooii 


i 

Iso-chloi'ophyllin-a * 
[(!„ll 3 ,N,MgJ(COOH), 

— CO 3 Alkali nt \AXI' 

^ ' 

(iyanopliylliii 

[(.-,ilIjs.yigJ(C001I)3 

I Alkali at 170’ 

\ 

Erythrophyllin 

[0,iJI,sN4Mg](OOOU)3 

-CO, Alhaliatmi' 

y f 

Phyllophyllin 

[CsiHasN^MglCOOII 


\ r 
Af 

('lil()n)pliylliT)-a * 

—CO, AnaaiallW 

y ' 

(ilaucop]iyllin 

[03iU32N4MgJ(aoOH)2 

Alkali at 165'* 

Khodopliyllin 

L0„Jl«N4Mg|(COOII), 

— (JOj Alkali at 200 ’ 

ryn’opliylliu 

LCsiHooN.MgJCOOH 


* A» will be seen in tlio following seblion, chlorophyllin>a and iso-chloro- 
phylliiwA probably contain lactam ringB so that their forninhe may U' written 
either aa 

. coon OOOlf 

[0„H„N,Mg]COOII or [0„H,^,Mg]OOOIl 

coon CO . NH— “ 
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iiijil ill 11 similiir Tiiaiinor wo got rhodoporphorin from rhodo- 
jihylliii, pyrroporphorin fmiii pyrropliylliii and phyllopor- 
phoiiu from phyllopliyllin.* 

The final stage in the decomposition of chlorophyll requires 
more drastic reactions.^ If the phyllins or porphorins aro 
heated with soda-lime in a tube they lose carbon dioxide and 
are converted into substances containing no carboxyl radicles. 
When a piiyllin is used as a starting-point, the substance pro- 
duced is Uftiopliyllin, 03|lf34N4Mg; whereas when a porphorin 
is treated witli soda-lime it yields the corresponding magnesium- 
free compound mtioporphorin. 

The decomposition of chlorophyll-^ follows a slightly dif- 
ferent course, some intermediate products being missing from 
the series, as can be seen from the table at the end of this 
volume. 

7 . Intramolecular Ohanijes in the GUI n'Ofiihyll NatHem. 

When ohloro])hyll-a is treated with cold alkali, both the 
methyl and ihytyl radicles aiu removed by the hydrolysis 
and a substance known as chloro])hyllin-a results, (jn tiie 
other hand, if hot alkali solutions arc employed, the end-pro- 
duct is an isomeric compound iso-chlorophyilin-a.‘‘' The actual 
progress of the reaction is marked by a peculiar colour-change. 
When the alkali acts on chlorophyll (or on a chlorophyllide) 
the green tint of the substance alters to a deep brown anil 
then, afte> a few minutes, the brown coloration vanishes and 
is replaced by the original green. The bi-own tint corresponds 
to the presence of what has been termed the “ brown phase " of 
chlorophyll.'* 

Taking these facts together, the only possible explanation 
of them must be found in some kind of intramolecular change 
occurring in the chlorophyll molecule under the action of the 
alkali : and Willstiitter has suggested that this change involves 
the lactam group which was postulated as one of the radicles 
in the chlorophyll nucleus.* 

He assumes thiit at least* three of tfie nitrogen atoms of 

* Bee iho table at the end of thia volamo. 

^ WiUstattcr and Fischer, >lnna2m, 1913, 400, 182. 

* Willstiitter, Fischer, and Fors^n, AnnuUn, 1913, 400, 147. 

a WUlstatter and Utsinger, Annalen, 1911, 388, 129. « Ibid. 
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chlorophyll are capable of tnVing part in lactam rings. Then, 
as there are three carboxyl radicles also present in the molecule, 
it can bo see that a very considerable number of different 
lactams may be formed according to the choice which we make 
of the carboxyl group and the nitrogen atoms which aro to build 
up the particular lactam in question. 

Let us distinguish the tlii*ee carboxyl riulicles fi'om one 
another by the letters a, fi, and y; and let us attach the 
symbols, /3, y, and S to the nitrogen atoms which Willstatter 
assumes to lake part in the reactions. The remainder of the 
chlorophyll nucleus may ho represented by a heavy line. On 
this scheme, it is clear that we might have various isomeric com- 
pounds formed, each of which would contain a different type of 
lactam ring. Thus tlio y-iiitn^eii atom might be linked with 
the y-ctti’hoxyl group, as in (1.) ; or tlie y-carbr)xyl group iniglit 
change its mode of linkage and attacli itself to (he o-iiitrogeii 
atom as in (IL). 



a 

(I) 


Now imagine that the componnd (L) is less stable than the 
cuiiqiound (LT.) owing to the difference in stability of the two 
laclaiii rings. It is clear that if the. ring in (I.) be Ip'oken by 
any means it will not tend to re-form itsolf, but that, instead, 
the compound (LI.) will be produced owing to the greater 
.stability of its liic.tam ring. 

ThiLs according to AVillstatter’s views, the formation of 
chlonqdiylliD-a and iHo-ch1oniphy11iii-(7. from chlorophyll may 
be rein-eseuted in the following iiianiiei : — 


cooc*,!!,, yodciij 
r C31 IU,M,;X ^al 


■0 

j:ooH 

W y y iilftf CM.iriipIlvH-.l 

jjooji " 

« ^ X y a 

COOU UIOII CO -.\II 

1 II 

1 Cji 1 1 

1 Cli X (U) 1 

1 .,. - HI .. 

HI . 


lno-ChloropHyllln-a 


Chloni|ili\lliii .j 
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'Diis process of alloincrizatioD/’ as Willsfcafcter terms it, is 
obvioiiHly capable of application to t.lie 8im])lcr cliiorupliyll 
derivatives as well as to c1i1oro})byll itself; and when tbo 
complexity of the possible arrangements of the various car- 
boxyl and iiiiino radicles is taken into account it is no great 
wonder that tlireo isoimn'ic phytochlorins and an equal number 
of phytorhodins are known. 

Piotli chlorophyll-/?, and chlorophyll-^ give allomers simjdy 
on standing in alcoholic solution ; which is sufficient to show 
how readily this intramolecular change takes place. 

8. TUg Moffiiesdum Atom in the CJUorophyll Moleenle. 

The part jJayed by the niagnesinm atom in I he strnctui’O 
of chloi'ojihyll cannot bo ignori‘.d if a true picture of the siib- 
stiiiKXi is to be obtained ; yet ii must be admitted that in somu 
respects the problem which it prt^eiits ■'< a thorny one. 

Vrom the fact that the magnesium mom remains as 2 '>art of 
the struotuni of letiopliylliii, CsilfuN^Mg, it is clear that the 
metal must bo attached to carbon or nitrogen ; sirice all the 
oxygen has disappeared iii the process of degr/idatiori to which 
the original chlorophyll ha.'« lieen submitted. 

Now in all the inugnesium-carbou comimuiids with which 
we are acquainted, the magnesium is easily removed by tl]« 
action of water; it cortaiidy cannot witlistand the attack of 
alkali. Further, the nitrogeii-magiiesiuin bund also appears 
to be a vreak one, if we may judge from the behaviour of mag- 
nesium methyl iodide with pyrrcjl.* Clearly the affinity whicli 
holds tlio magnesium atom to tlui chloi’ophyll mudeus h 
no ordinary bond ; and we ai-e loft to conjecture if.s iiatuiu. 

Willstiitter® regards tlic metallic atom us forming a com- 
plex with the basic groups of the molecule. This (question of 
“ complex ” ibnnalion is one of the debatable points in modern 
organic chemistry ; and the fact that c.hlorojihyll appears to 
be the- first instance of magnesium acting in this mauucr will 
possibly not rccoinmond the suggestion to some mind.^.* The 
> irons mid Wissing, /Irr., 1914, 47, 1416. 

' WillstiitLcr imd I'fanncnfliiio], Annalrnt 1008, 848, 216 ; Willstiittor and 
Fritneho, 1910, 871, 46. 

* The fact that the niognoBium atom can bo replaced by two hydrogen 
atonifl without oomplotoly altering tbo ohoractor of the molecule makos the 
matter oven more puzxling. 
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problem is one which must be left to the jiiilsriuont of the 
reaiier. 


9. The Structures of JEtiojfhyUin and ^Etiopm'phorhi. 

A consideration of the probable constitutions of the two 
ultimate de^'radiition products in wliieli the clilorophyll 
skeleton is retained leads ils, as must frankly bo admitted, 
int«) a roj'ion of almost puiv. hypothesis ; but for the sake of 
com])leicru:ss it is necessary to deal summarily with the 
subject. 

Thu actual facts at the disposal of the investigator are very 
few.^ Oxidation of phyJlojxn-phorin produe.ea inorti than one 
moleeiilar quantity of methyJ-ethyl-maleinimide (1.) along with 
one molecular quantity of haiinatic aciil (11.). llcductLon of 
porphorins lesids to tlie formation of ])liyllopyiTol (III.), iso- 
lucmopyrnd (IV.), and crypLopyrrol (V.). 


(lIl;,.(’-fJ.CJl5 


0(1 (10 

\/ 

mi 


Olls.O-O.CJIla.l-lIj.OOOIl 
(W*; (!() 

XII 


( 1 .) 

CII3.C 

II II 

(iiij.i; 0.UII3 

'n'U 

(III.) 


(II.) 

CllvO ('.(ill., II, 

' II II 
ClL.t) (III 
' \ 

XII 

(IV.) 


Ollj.O U.O,!!, 

II n 

II. 0 o.urij 

\ 

NH 

(V.) 


h’rom these jli.sjected meiiibors it is necessary to piece together 
the conqdete skeleton of the substance. 

Willshil tor’s suggestions areas follows. From the natun3 
of the al)Ove degradation products he assumes that tho origi- 
nal substance must have contained four pyiTol nuchii. Now 
since the composition of ictioporphorin, 0,.ll3«N4. contains a 
markedly low ]»ercciitage of hydrogen, he, comdudes that 
the ])yiTols must be so uniUHl au<l substituted that eight 
hydrogen atoms are left out as conqiared with the case in 
which tliq pyrrol groups are joined by single linkages. This 

> WillatiitteE, Her., 1911, 47, 9831. 
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saving of hydrogen atoms ho proposes to accomplish by utiliz- 
ing double bonds or culling ring formation to his assistance. 
Next lie assuiiios a difference between pairs of pyrrol nuclei 
on the ground that two iniist be salt-forming radicles whilst 
the other two must be capable of complex formation. On this 
basis he suggests the following skeleton for the substance — 


CH- 

I 

CH- 


-CH 




CH 

< I 

>C HI 


I 

CH— CIK 




^1 


CH 


: CH 


CH ~ CH 


And from this, by substitution, he fills in the formulm below 
for ictioporphoiin and I'Ptiopbj'lliii : - 

|H"|H 

CH 


Cllj-C— CH^ 


C1H5 C-— c 


Calls C=-=- C 


ciij.c--c 

OHj 


> 

> 


It 

— CH 


CHj C CH 

II 


CH--^CII 

I I 






i ^C — CH 


CaH5C — 

'^,C-.---C CaHs C1H5C---..C. \/ '^C--.. -C CjHs 

1 I 

Cii3 


II .V' 


V , I I 

f. 


^C-.--CCHj Clij< 
CH3 


ActioiNirplionii 


CHj CU3 

Ai-linphyUin 


10 ! The ItdutUma iHween Chloruithiill and Ilmmiu. 

In the higher branches of the vogetable kingdom, cliloro- 
phyll plays a most important jiart in the vital economy ot the 
organism ; whilst in animals an equally csseutud factor i» 
the colouring matter of the blood. The parallel ruiictioiis of 
the two compounds suggested that some similarity in nature 
might be traced between chloropliylL and Ineinin ; and from 
this point of view' a survey of the chlorophyll problem would 
be incomplete without a brief refcrance to Li 10 colouring 
material of blood. * ' 

Examination of tbc blood pigment shows that it is composed 
of two portions ; an albuminous substanco called globin and a 
non-albumioous compound named hsematin. It is' with the 
latter that we are here concerned. 
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Both chlorophyll and lifciuatin arc metallic derivativos, 
the magnesium of chlorophyll finding its analogue in the iron 
of Jueniatin. In cjich case tlio metallic atom displays an 
abnormal character; and both compounds ctm be freed from 
their metallic portion by similar treatment. Finally, when 
analogous degradation methods arc employed in the two cases, 
{Ttioporphurin is produced from both chlorophyll and hromatiii. 
These facts aro sullicicnt to justify the assumption that the 
two substances are related to one another in a more than super- 
ficial degree. 

When hixjinatin is treated with hydrochloric acid it yields 
hiuinin; and tlie roaction is supposed to take place by the 
replacement of a hydroxyl gToup by a chlorine atom — 

R:Fe-OH -> l{:Ke-Cl 

Hmmin has rocMjntJy been sliown^ to have the composition 
C.,3lI;,20^N4Fe(Jl, which brings it into close resemblance wdth 
chloro])hyllin. It will ])e seen that the divalent luagnesinm 
atom of ({hloro]»liyll is replaced by the divalent group : 
2 =Fo --C 1 in luemin. Willstatter and Fischer® have brought 
forward a luiiinin formula based to some extent upon their 
proposed structure for .'otiophylliii. Kiistor,® on the olJ)cr 
hand, rejeetd Iheir suggestion and has put forwoi’d a formula 
of Ids owFi. U would requires loo much space W discuss the 
merits of eithci* hypothesis, especially in view of the fact that 
both arc quite possibly iiicoiTcct. lii the present uncertain 
state of our knowledge, it is sufficient t<» indicate the general 
resemblance between chlorophyll and limmin. 


IJ. Oondimon 

As clilorophyll is a more tlmn usually complicated subject, 
it seems well in this place to summarize very briefiy the un- 
disputed information which has been acquired with regard to 
its constitution ; for witliout suclj a summary tlie reader may 
feel that he is in tho position of the man who “ could not see 
the wood for the trees.” 


1 WillKtuttor and Fimher, Zciixh. phynol. Chem., 1918, 87, 423. 
* IWJ. * Kfislor, XeihiM. 2 >hyUol. Chem., 1913, 88, 377. 
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Amorphous chloropliyll, extracted troiii leaves, is found to 
be a mixture of two com^iounds, chlorophyll-a and chloro- 
phyll-?;, lioth of which arc mothyl-phytyl estei's. Tlie composi- 
tions of the two compounds are : — 




Clilorophyll-(/a 


Chluropliyll-&. 


riiytyl alcohol lias been shown to have thi‘ following 
striictuit) : — 


tJioIlai -C -C- CilaOJrl 

CHj CH3 

When either of the chlorophylls is treated witli acids, 
the magnesium atom is renioxed juuI its place is taken by 
two hydrogen atoms. The compoun'.'<( thus formed are still 
methyl-phytyl esters; and they are termed plneopliytiiis. 
After hydi*olysi.s of the phytyl radicle, tlie residiio is a methyl 
ester called a phaeophorbido. The magnesium -free acids from 
which the esters are ilerivod are named iihaj()i»horbins. 

If eitiKM* of the chlorophylls ho acted «»n by cold dilute 
potrish, the salt of a trihhsit! acid is formed, the acid itself 
being named a chloropliyllin. 1 fence, clearly, then* is a third 
carboxyl radicle in the chlorophyll structure which is masked 
in some manner. 

Whep the hydrolysis is carried out at higher temperatures 
in the case of chloroidiyll-a, carbon dioxido in split olfand two 
isomeric dicstrboxylic acids, glaucophyllin and rhodophylliu, 
arc formcil ; while by the use of still higher tt'mperatures x 
further h;ss of carbon dioxide results in the production of a 
monobasic acid : pyrrophyllin. 

Throughout these changes the magnesium atom is retained 
in the molecule ; hut by subsequent troatmeiil with acids cacJi 
of tliQse decomposition products loses its ina{;nesiiim, which is 
replaced by two atoms of hydrogen. In this way from glaiico- 
pliylliii a siibstsince named *glaiicoporphorin is obtaiuftd ; and 
each of the other phyllins yields the (corresponding maguesiuiii- 
frec porphorin. The decomposition of chlorophyll-^ proceeds 
in an almost exactly similar manner, though certain of the 
intermediate compounds are missing in its scries. 
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Whcu the porphorins ai'e lieated with soda-lime, the last 
car))oxyl group of the molecule is split oif, and a substance 
tttiopoii»horin, ('311136^4, is formed. Tlic phyllins, when sub- 
jected to the same ti'eatinent, give the corresponding magnesium 
derivative setiophyllin, C3iH34N4Mg. 

The action of cold alkali solutions upon cither chlorophyll-u 
or chlorophyll-6 results, as has been said, in the production 
of a tribasic acid. This is found to be a mixture of two acids; 
so that from chlorophyll-u. wo get chlorupbyllin-fi and iso- 
clilorophyllin-a : and from chlorophyll-6 two other isomeric 
chloi'ophylliu-6 cbmjiounds are piYjduced. 

Further, when chlorophyll and its derivatives are tritated 
with alkali they exhibit a peculiar colour change, turning 
from gi'ceii to brown and back again — the so-called “ brown 
phiLse ” of chloi-ophyll. 

Tlio magnesiuni atom in the chlorophyll molecula is re- 
tained with a measure of allinity different from and greater 
than that wliich wo ai'e uccustoioed to find in oigauo-magnesium 
<lerivativcH. 

Finally, the nature of the ultimate degradation products 
of chlorophyll points to the pn)i)ability that the chlorophyll 
molecule contains four pyrrol nuclei. 

Thu foregoing suniniary contains all the important Joa'U 
which have been established with regard lu the strncture of 
chlorophyll; and wo must now deal with the theories which 
liave been advanced to account for them. 

'J’lio mystery of tlie third carboxyl group in the (Jlilorophyll 
nucleus has suggested that this ihiitl carboxyl may be jiiasked 
by lactam furijiatiun in which one of the nitrogen atoms of 
cidorophyll take,s part. This view leads to the further 
hypothesis that, since there aro three carboxyl groups and 
four nitrogen atoms present, a considerable number of jinssible 
lactam rings might be imagined, dufering from one another 
in stability. Thus in one j.soiiier it is .'issumed that the first 
carboxyl radicle forms a lactam with the fii-st nitrogen atom ; 
while in another tsoiner the ii{^t carboxyl reacts with, say, 
the second nitrogen atom to form a new laccain. On this 
hypothesis, the brown phase ” of chlorophyll reprosents the 
Ijreakiiig of one lactam ring and the roclosing of the molecule 
into a more stable lactam grouping. 
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As to the structures proposed for setiophyllin and aetio- 
j)orphoriii, their plausibility de^Minds entirely upon the judg- 
ment of the reader ; for it cannot l)e asserted that they have 
iimcli solid basis ; whilst as to the positions which the carboxyl 
groups of chlorophyll occupy in the letiophyllin skeleton, not 
even the most random conjecture can be put forward with any 
justico. 



CHAPTEU IX 

Tlllfl ANTIIOOYANINS 
1. Introduetwy 

An ux.'uuiiialion of plant pigmenls proves that they arc, roughly, 
(livJsihle into two classes. On the one hand wc have the plastid 
pigments which are in some way intimately associated with 
the oi^anizcd protoplasmic structure of the plant; whilst on the 
other hand w'o have soluble pigments, existing in solution in the 
sjip of cells, 'fhese soluble pigments are termed anthocynnins.^ 
In view of the number and variety of the tints exhibitod 
by ilowers, it may appear that the term anthocyanin is a veiy 
loose one covering a multitude of colouring materials whose 
only ndatioii with each other lies in tho fact that they occur 
naturally in the sap of plants ; but recent research has shown 
this idea to be erroneous. It seems pnictically established that 
the separate aiithocyaniris contain similar nuclei, no matter 
liow much they may dilfcr in colour from one another; and 
the wide variations of tint in flowers are to be t'uscribed to 
slight alterations in coiistiLutioii w'liicli leave tlie main autho- 
cyniiiii skeleton intact. Thus the aiitliocyanins may be re- 
garded as a chemical class in the same w'ay as it is cmstoiuary 
to speak of the i)rotieins, tho carlmhydrales, or tlie fats. 

Although 250 years have passed since Hoyle ^ published an 
investigation of the colour changes which take place when 
extiucts from flowers ai-e treated with acids and alkalis, it is 
only quite recently tliat much progress has been made in the 
study of the antho 9 yauiii group.^ The unstable nature of the 

1 A comploto account of tho history of Iho anthooyanins as well as of their 
liotanical siguificanco is to bo found in Miss Wbeldalo's book. The Atiiho- 
cyanin Pifftfunts of Plants (ll'lG). For brioier accounts, see crest, Science 
ProyrcM, 1016, IX., 597, and Wmstiitter, 1914, 47. 2831. 

* Jtobort Boyle, Experiments and Considerations Touching Colours^ 1664. 

* A complete bibliography of the literature is to bo found in Miss Wheldale's 
Anthocyanin*Pig^nents of Plants, or in Perkin and Everest's Natural Organic 
Colotiring Matters, 
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compoimds aud the difficulty of preparing them in a pure state 
militated against research in this field. It was not until 1903 
tliat {in •azithocyauin was first obtained in a crystalline condi- 
tion by Griffiths.* 

The next important stage in the history of the subject is 
marked liy Grafe’s discovery*^ that certuiTi of the anthocyanins 
ucciirn'.d in plants in the fonn of glucosides. 

Meanwhile, on tlm liutauieal side of tlie problem a consider- 
able amount of work had been carried out, cliiefly dealing with 
tlie mode of formation of the authocyanius in plants. Miss 
Wheldale*' first suggested that anthocyanins might be formed 
fi'om glucosides of the tiavone or xanthone series by the action 
of oxidii.sc8 ; slie indicated ^ that there are a certain number of 
anthocyaiiin typos which give rise to a definite series of colour 
varieties.*'' 

Having now surveyed the oucliiM>s of the anthocyanins’ 
histoi'y from the chemical standjxnnl, .1 will be convenient, in 
the remainder of this chapter, to abandon the chronological 
method and deal with the present-day work in an order which 
will remdor the subject more roadUy comprehensible. 

2, The MetJioth of Edrantiiuj fhe Pijjmfnls from FluWirn. 

The choice of a suitable raw material from which to extract 
flower pigments i.s the first stop which must be taken; and 
here two alternatives present themselves, for either fresii 
flowers V)r dried petals might Ihs selected as the. best source of 
the n^quired product. The anthocyanins, under certain con- 
ditions, are unstable substances ; and from this point of viinv 
it might be thought best to work uj) frosh ilowors rather than 
to risk the chance of doconqiosition taking place during tlie 
drying process. As against this, thero are certain jtractical 
arguments. In the first place, plants are in flower only during 
a short period of the year and in certain definite localities ; so 
that the choice of fresh fiowera as a souroc of anthocyanins 
would entail the necessity^ of carrying out the extraction of 

* Griintha, Chew, Newn, 89, 249; Her,, 19U3, 96. 3959. 

s Grafo, Sitsber. b. AJxid. Wun., 190C, 115, 1., 975 ; 1909, 118, 1., lOllS ; 1911, 
180, 1., qi5. » Misrt Wholdale, Proe. Phil. Soc. Canth., 1909, 15, 137. 

* im„ I*ror. Hoy. Soc., 1909, 81, H, 4J. 

* Nioruiistein and Miiw Wlioldalc, Her., 1911, 44, 3487. 
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tho pigment at fixed times and places, and would demand the 
simultaneous collection of a vicry large number of flowers if 
any great quantity of raw material wore itiquired. Secondly, 
in finsh dowers the plant enzymes are still active, and their 
indueuce might make itself disagreeably marked in the course of 
the extraction. Tho siibstitutiou of dried petals for fresh dowers 
obviates both these, didiculties, but on the other hand tliei-e is 
the possibility of a loss of anthocyanin owing to decomposition 
during the pi-occss of drying, balancing one set of disiul vantages 
against tho other, it is found in practice better to employ the 
dried material than to use fresh flowers ; and the extraction is 
generally caiTied out by using dnely gmund dried petals. 

The solvent chosen for the removal of the pigment from 
the petals of dowers or tho skins of berries varies, of course, ac- 
conliiig to the nature of the anthocyanin present. In the case 
of the corndower,* water alone sndices to dissolve the colouring 
material ; hydrochloric acid in methyl alcohol solution is used 
in thc(*ases (d‘ the roso,^ the ludlyhook,® the mallow,^ the peony,® 
and the liilberry ; ® dilute alcohol is employed to nunovo the 
pigments from the larkspur^ and the scarlet polargoniuin ; 
whilst acetic acid Is found to be the b<sst solvent in the cases of 
tho grape ® and whortleherry.*® 

After the ]jignieiit has been obtained in solution it may be 
puriiitjil by one of three main methods : — 

1. rrcci[)itatLOu and cry stall i/atiuu of the chloride. 

2. Pnridcalion by suitable reagents and crystallization of 

the chloride. 

3. Sejmration in the form of a ])icrate and subsequent con- 

version into the chloride. 

Under tlie drst heiid come such ccses as llie precipitation 
of the chloride from alcoholic solution by means of ether. 

‘ Willstattor and EvoroHt, Awtialen, 1913, 401, 189. 

* VVillstutt6r and Nolan, ibid., 1915, 40B. 1. 

* WillHtiittcr and Marlin, ibul,, 110. 

* WillBtiltter and Miug, ibbl., J92. 

‘ Willstullor and Nolan, ibid., 13G. 

' WillBtattcr and Zolliugor, ibid., 86. 

■ Willstattor and Mieg, ibid., 61. 

1 WillHtiittor and Bolton, ibid., 48. 

■ Willstattor and Zollingor, ^bid., 86. 

^0 WillBtiittor and MuIIIboii, ibid., 15. •> Ibid., 180. 
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Examples of the second category are to be found in the pre- 
]jaration of the cornflower iiigment, which occurs os an alkali salt 
and (tan bo purified by precipitating its aqueous solution with 
alcohol ; and in the purification of the larkspur anlhocyanin by 
heating it witli dilute hydrocliloric acid. Ln the picintc method 
the jiicratc is formed in iho usual manner, purified, and then 
decomposed by a concentrated solution of hydrochloric acid in 
methyl alcoliol. 

3. Titc Comlitutions of Cifanin a-tul Gyanidin. 

The ])igmunl extracted from the eurnflowor is tenued 
cyanin ; nnd it is generally prepared in the form of its chloride, 
which is found to have the composition When 

this substance is heated for a few minutes with 20 per cent. 
)iydrochlorj('. acid, it is hydrolysed, y'elding two molecules of 
glucose and one molecule of a crystalline substance which has 
been named cyanidin chlori'le^ — 

( iyanin ohlorido. Cyanidin cblorido. CUacosu. 

This reuctiun proves that cyanin is a diglucoside of the new 
b(jdy, cyanidin ; * and, since glucose is colourless and cyanidin 
is coloured, this cyanidin ibriiiK the cliromophoiic ^lortioii of 
the pigment moleciilo. 

The general striictuin of cyanidin has'biieii established by 
its synthesis from quercetin,” and it may be well to give the 
complete yiyntlietic process hen;, in onler to show how cyanidin 
can actually be prepared from purely artificial materials. 

In the Kostanecki synthesis^ of querci'tiii (seje scheme on 
p. 221), 2-hydroxy-4 ; 0-diinetlio.xy-acetophcnono (I.) is* con- 
densed with dimethoxyprotocatechuic aldehyde (11.) yielding 
2'-hydroxy-4' : 6' : 3 : 4-totramethoxyclmlkoue (III.). On heat- 
ing this for twenty-four hours with dilute hydrochloric acid, 

1 : 3 : 3' : 4-tetramethoxyflavonuDe (IV.) is produced. Treat- 
ment of this with amyl nitrite and hydrochloric acid converts 

’ WillstiLfciior and Nolan, Antuthn^ 1914, 408, 1. 

* Willflliittor and Plvorcst, Annalm, 191.S, 401, 1'. 

* From this is derived the olosN-iiamu aHtJtocffaniduui to indicate the non- 
glneosidal portions of the anthocyonins. 

’ Willbtattor and Mallison, Sitzungsber. K. Akad. Ifiss. Berlin^ 1914, 7C9. 

* Kostanecki and Tambor, Jier.f 1904, 87, 798 ; Kostanecki, Lompo, and 
'J'ambor, ibid., 1402. 
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it into the coiTesponding isonitroso-compouml (V.), the iiiethy- 
lone group next the carbonyl being attacked in the usual way. 
Hydrolysis of the isonitroso-compound splits off hydroxylamine, 
leaving a ketone (VI.) ; after which isomerization occurs by the 
pnidnction of tlie onolic form, resulting in the production of 
1:3:3': 4'-tetramcthoxyllavanol (Vll.), which on dcmethyl- 
ation with hydriodic acid yields quercetin (VIII.). When 
quercetin is I'educed with sodium amalgam or magnesium in 
alcoholic solution containing hydrochloric acid and mercury, 
cyanidin chloiide is formed, though the yield is very small. 
Apparently the reaction involves the formation of an inter- 
mediate product (IX.) whicli then loses a molecule of water, sis 
shown in the scheme. 



Cyanldhi chloride (X) 
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An examination of the formula nscribeil to cyanidin chloride 
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will nhow that it contains a ])ecnliar lieterocyclic nucleus : the 
pyryliuni system • vrhich was <liscovcTed by Decker and Fel- 
lenberg.^ The I'eason for nssnining that tins grouping is 
present lies in the (xiiisulerafiou of the basic natni'e of the 
oyaiiidin iiinleciile. Most of tin; oxonium salts, those of di- 
inelhylpyrone, for cxninjdo, are susc'^ptible to hydrolysis in 
aqueous solution ; which points to tim ordinary oxonium com- 
plex being weakly bnaie. Tyrylium coiiipounds, on tlie other 
hand, 01*0 much more sUblc in solution than the commoner 
oxonium <lerivativoa ; and the lujluiviour of tlie cyauiii salts 
in this rcspc'ct tomla to pmve tliat they resemble pyrylinm 
derivatives rather than such coni})onnds as dimotliylpyroiie 
hydrochloride. The iinalysi.s of the cyajiin salts also indicates 
that they are not akin to the nornuil oxonium hydrochloride, 
us they contain too little hydrogen to con’cspond with such 
a structure. On tlio.se grounds the pyrylinm formula hns 
been ])refciTe<l. 

From those fads it is clear that the aiithocyanin cynnin it 
a diglucoside of cyauidin, which is a pyrylinm derivative of 
the structun^ shown above. 


4. The rropertm of Cyanin ami Cyanidin Chlrn'idei^, 

Tlie chloride of cysnin, when prepared in tlie usual manner, 
contains turn and a lialf molecules of water of crystallisation. 
Under the mici'oscopc, its rhombic leafloLs appear tinted be- 
tween grey-violet and brownish-yellow. In dilute solutions 
of sulphuric acid it appears red with a tinge of violet. It 

* This IB what Collie termed “ oxene.” See p. 254. 

^ Dookor and FoUenborg, ilnnalm, 1908, 864, 1. 
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is very slightly soluble in cold water, alcohol, or dilute sul- 
phuric sicid ; but is easily soluble in hot water and moderately 
soluble in 7 per cent. acid. When sodium carbonate is added 
to its solution, the colour becomes first violet and then blue. 
Its behaviour when its aqueous solutions aie diluted is peculiar. 
The colour of the solution weakens rnucli more rapidly than 
might be anticipated and the solution may eventually become 
colourless. 'J'he tint of the anthooyanin can be i-estored either 
by evaporating the solution or by adding a large excess of acid. 
It therefore seems reiisonable to suppose that the cose is one 
of hydrolytic dis.sociation accompanied by in tramul ocular re- 
arrangement. Witli ferric chloride, cyanin gives a blue tint 
in alcoholic solutions and a violet tinge in aqueous solutions ; ' 
whilst with lead acetate it gives a charactitristic lend salt.*'* 
Turning now to cyanidin, it is found to crystallize with 
one mnJccnle of wato.r, which is retained with extraordinary 
tenacity. It is a brownish-rod subslanoc giving, when dis- 
solved in dilnl.(‘ acids or alcohol, a red solution with a tinge 
of violet. Jnsolnble in water, it is ixMulily soluble in alcohols ; 
vor}' slightly soluble in dilute* hydrochloric acid but cf)Uipara- 
tivoly soluble in 7 i)or cent, sulphuric ncid. With sodium car- 
bonate it gives the same cohnir change as eyanin, turning first 
to blue and then to violet. The hydrolytic dissociation of 
cyanidin is much nion; marked than that of its parent antlio- 
cyaiiin ; for when hoi. water is added to its alcoholic solution 
a violet pnjcipitat(3 is inoduced. Tlie reaction with ferric 
chloride is sliglitly dilferent also ; for in alcohol a stable blue 
coloration is produced by cyanidin ; whor(*as in aqueous 
alcoholic solution only an unstable violet tint is observed.” 
As in the case of cyaiiiii, leail acetal e yields a chameteristio 
salt of cyanidin.^ 

The nature of the colourless modificatioTis which are 
obtained by hydrolytic dissociation from both oyaniii and 
cyanidin is not very clearly understood. In the case of 
cyanin chloride, it is found” that decnlorization takes place 

• I 

> Willitiit&cr and Miof?, AnnaJm, 1016, 40B, 134 

* WillKliittor and Everest, Annaltn, lOIS, iOl. 335. 

> Willstattor and Micg, Jnna&tt, 1016, 408, 136. 

* Willstiittor and Evnreat, innalen, 1913, 401, 329. 

* Everest, Proc. Boy. Soc.^ 1914, 87, B., 444. 
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when the chloride is heated for a short time in dilute alcohol at 
80 ^ C. The decolorized substance has properties resembling 
those of a yellow flavonol pigment; it is soluble in ether; 
colourless in acid solution, yellow in alkaline solution; from 
acid solutions it can be extracted with ether, from whicli it 
can be removed by shaking with alkali. On boiling with 
acids the colourless variety is reconverted into the ordinary 
coloured cyanidin Siilt. 

Everest ^ suggests that cyanin chloride exists in solution as 
an equilibrium mixture of (I.)* and (ll.), and tliat one set of 
conditions favours the stability of (I.), wJiilst under other con- 
ditions (II.) is the mnr(« stable form. 


(H Oil 



(Julciurod. 
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oil 
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An HO n (II.) 


ColourlcHH. 


A distinction between authocyanins and the corresponding 
anthocyanidins is found in the fact that amyh alcohol does not 
extract the foruipr from acid solutions ;' but if the solution be 
heated so as to hydrolyse the anthocyti^iiiis to anthocyanidin, 
the latter passes into amyl alcohol readily.^ 

1 Kvorust, Proc. Hoy. Hoc., 1 » 14 , 87 , B., 444 . 

* Tlie glucosfl moleoules aro omittod from the formnirl. 

> WillKtiittor and fCverent, /Inna fen, 1918, 401, 905. 
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5. Tlic SfjntheaiH of Pelnryonhiin. 

The flowers of the scarlet pelar^oni 11111 arc found to contain 
an anthocyaniii which lias been named pelarjTonin. Tliis sub- 
stance wlien isolated in tlie form nf its chloride is shown to 
have the composition Jiod to contain, in aildition, 

four molecules of wat(*r of crystallization. 

On hydixilysis it proves to ho n ftliicoside, and yields two 
molecules of {,dii( 5 oso and one inolecmle of a substance pelar- 
^onidin chloride, akin to cyaiiidin chloride, and havin^r the 
composition CJisirnOfiCl with one moloeule of water of cry.stal- 
lization. 

Pelar^onidin ^ has recently been synthesized in the followinj; 
manner: : 5 : 7 -triinetho\ycoiimarin ( 1 .) is .illowe<l to inter- 
act with m!i.«,mesium anisyl bromide (II.). When tlie* inter- 
mediate compound (I II.) is hydinlysiMl with hydrochloric aci* I 
it yields auisyltrimethoxyphenopyrylinm chloride (IV.) wliich, 
after denielliylation witli hydriodic acid and tmitment with 
hydrochloric acid, produces a aubstanc^i (V.), iiuUstingnishable 
chemicMlly or sped roscopi cully from n.itiirsil pehireonidin — 
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0. Tin: CowttLluiiom of DAphinin nml Delphi nul hi. 

The anthocyaniii o'' the larkspur i.s termed delphinin “ and 
with it a slif'htly more complex liebl is eriiered. A f»luiice at 
the formula of delphiiii II chloride: C^illayt >21^1 1 , shows that it 

1 WillHt'ittor .-ind Kochinoistor, Sitzungsber. K. Aktul. Jinltiij 

1911 , S 8 G. 

» VVillHtuttor and Miog. .immlon, 1915, 408. Ul. 
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has a molecular weight of 902 as compared with 646 for 
oyaniii chloride; so it is evident tliiit the former substance 
must contain some heavy radicle in aildiLioii to those found 
in cyanin or pidargonin. 

Hydrolysis of delphiniir pi-ovos the ciorrcctriess of this. In 
julditioii to the ]jrodiicts wliich might 1 >c expected (glucose and 
delphiiiidin) two molecules of ^i-hydroxybenzoic acid make 
tludr appciiraiiet' ; so that tlu: equation iVir Ihe reaction may 
ho writlen thus— 

1-411,0 - 3(j.,ir„o„ +2110. COOP! -i- c,aii„u,c.i 
I)(>l|)liiiiiii I'lilnrtlc. <iliii‘o*e. /i-llyi1nix\ lioiu'iic |)p]|iliini(liii 

iii'iil. i-liiDriilp. 


It apiiears from this tliat del]>hinin. like the other an thocyain ins, 
is a gliic^wide; hut I hat two of its 1 ydix).\yl ra«iiclos are osteri- 
iied with ;)-hydro\y lam zoic acid. H'^hich of the hydroxyl 
gnaqis are thus allcctcd is not knowji dclinitoly; l»ut by 
analogy with po])nlin flKMizoylsalicin) it is assumed that llie 
beuzoylation takes plate in the glucose chain and not in the 
delphiiiidin portion of Ihe molecule. 

The next stiigc in the ilediiction of dolphiiihrs couHtitution 
is nnide hy coin])aring the furmula* of pidargouiilin, eyanidin, 
and dclpliiuidin chlorides : 

IVlaigonidin chlorhhi < ’ujHijty.’l or Ci5ll70(M(<)U)j 
Uyaqidin chloride or t-’'iBll0O('l(()II)5 

iJolphiiiidiu chloride “** ^'16^^5001(011)^? 

Tlie compaiison suggests that the dillerenco ]M*.t,weeu cyauidiu 
and delphiiiidin may liii in the pi-oseuce of an OAtni hyflro .yl 
gmup in the del])hiiiidin iiioleculo. 

OoTifirmation of this view is obtained when the rissults of 
lieating the thn^e compounds with alkali arc cuiisidoi'cd. All 
tlirec yield phloroglucinol ; so that they contain a common 
grouping. In aihlition to the trihydric phenol, however, 
pelnigonidin yields p-liydroxybenzoic acid ; cyanidin produces 
protocatechuic acid; whilst dolphinidin gives rise to gallic 
acid. Prom this it appear.s a reasonable deduction that the 
portion of the molecule which produces p-hydroxybenzoic acid 
in the case of pelargonidiii is the same in nature as that which 
gives rise to gallic acid from dolphinidin. A compaiison 
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between the two established forinuhe and the one suggested 
for delphiuidin will make the matter clear : — 



7 . OlltJtr AnnmyftnLm, 

Mention must now be iiuide of some other plant ]>ignieiits 
wliLch contain the skeletons we have already dcscribeil, tlioiigh 
tlic details of tlicir structures have not yet been 'entirely 
cleared up. 

Pelargonidin forms the basis of the antocyanin of the 
llowei's of the plant Mvia noccinca. Tins antbocyaniii is 
called salvianin; and on hydrolysis it yields pelargonidin, two 
molecules of dextrose, and a considerable cpuuitity of malonic 
acid. It is therefore moi'e coinidex in its structure than the 
usual flower pigment.^ 

In the summer aster occurs an anthocyaniu, callistophin, 
wliich on hydrolysis produces pelargonidin and ono molecule 
of dextrose.'** The same iiowera yield a second aiutliocyanin, 
asterin, whicli hydrolyses into cyanidin and dextrose.** 

> Willstattor and Bolton, AwnailM, 1916, 41S, 113. 

* WUlstatter and Burdick, AiwdUn, 1016, 419, 149. 

» im. 
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Tlio siiillioc'.yaiiiii of the wiiilor a^t(^^ is clirysuntliomin, 
(lurivod from dcxtroso and cyauidin. ('yanidin also forms the 
foundation for the colours of ZiMwt elef/anst, Gaillardia licoloTt 
1 fete Ilium autumwile, (UadwlvH Tnliim Gcstiffnana, Tro- 
pfBiilum 7mjus, Jtuiiee rubruw-, the raspberry, and the lierry 
of iho jiioiintain a-jli.^ The cherry coutsiins kemeyanin, built 
u]) from cyauidin, devtroso, and rhamuose; whilst the sloe 
owes its (joloiir to pruiiievauin, which is formeil from cyauidin, 
rhainnose, and some as yet unidentified liexosc.'-^ The plum 
also (joiiiaiiis a ('.yanulin ‘iliicoside.** 

I'eonin, the antliucyanin of the )XH>ny, Ixdongs to the cyauidin 
series. Li is a digliuosiJf of ]ieoiiidiii, which appciirs to be a 
methyl derivative of oyanidin in wJiieli the methyl radicle 
replaces a liydrogon atom of one of Ihc hydrovyl groii])s.* 
AtioMuu' eyiiniiUii derivaiive is idacin,'''' i!ie aiithocyaniii of tlie 
whortleberry. It difl’ers from the usual '.ype of antlu)eyaiiiu 
in dial it is a galactoside and not a glucoside. 

'J’he i>f*pi»y ‘‘ contains two anthocyanins, one of them, medo- 
cyauiii, lieing a cyauidin derivaiive, whilst the other resombles 
tlie g1ucosi<l<‘M of delpliiuidiu. 

Turning to delphiiiidin deriviiti\es, it is found that tin* 
pansy owes its eolour to the anilioeysinin violaniii,’ wliich on 
hydrolysis yields delphiiiidin, rhamiioso, and some as yet un- 
iilentiticd he\ose, though thcHO three ju'oducls do not occur in 
c,(|uimo1ee.ular quantities in ihe nMctioii mixture. Monomclhyl 
ethers of* dei|)hinidLii are found in inyrtilliii,^ the unthoeyanin 
of bilberries, and |>e(unin,'' the anthoevaniu of pelunias. l>i- 
meihol ethers of delphiiiidin have bomi isolateil from oenin,^" 
Hat anthocyariLii of gra])es. and from malvin," f.he nnihocyanin 
of the wild mallow. 

Finally, mention may he made of a glueoside ampelosin, 

^ WillsliitUir iiiirl lioUoD, Annnien, 19l(>, 41S, ISl). 

® WillHtiittor and Zollhigcr, AnnaVn, lOlQ, 412, Ifi4. 

■ IbiiL 

^ Willstiittor niid Nnlan, Annnien, 1015, 408, 130. 

^ WillsIiitliT and MaKison. Awuib'nt 1015, 408, 15. 

Willsliitti-r and ^VoiI, Annah'ii, JUIG, 412, :!31. 

■ JWi/., J7«. 

'' Willstiuttoc and ZnIIingor, Amuilcn, li)15, 408, 83. 

«• WillRtiittcr and Unrdick, AnnnVn, lOlfi, 412, 2L7. 

WilhLitlor and /ulliiigor, Aiuuilrn, J'.ll5, 408, 83. 

o Willsliiltcr and Miog, Anrtah’ii, 1015, 408, 
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whicli occury in tlic wild viue. Lis coiistitniioii has nut yut 
boon doloriniiiud. 


8. Tka Authuiujunhis luul !lte FUmuu'a. 

It may 1)C of iiitei'cst to point out thu similarity in structuru 
which can hu traced iHitwceii ilm ilowcr pigments and the 
iiattind (lyes occurring in ])lanl.s; for the close rcscinblancu in 
tlie skeletons of tlie two classes may throw liglit in the i'lilnn; 
upon die modo in which both types arc built up within the 
organism. Sncli a similarily can hardly l»e rcgaixlcd as due 
to inere chance. 

Taking kamjdierol as a flavonc rii])rcsi.iiitaLivc, and com- 
])aring it with ]>eIargonidiii chloride as a typical ex.imple of 
the anlliocyauiiis, it will be simoi tiial. they b<>ir a striking 
rcscmbhin(!c to one another Jii general structuiv: — 
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'file only diilerenee betwisen Ihcni is to l-e found in the hetero- 
eyolie nucleus ; tlie one is a true ]iyroni‘, whilst llic otiicr con- 
tains a — (JIF-s 'group insLeatl of the carbonyl radicle; ainl 
its strnetnre is ihcmfore more benzciioid in charsicter. This 
diffeicnce is, of course; exhibited ifi their salts ; the kampherol 
Bidts, being derived from a true ]>yron(!, ar(j easily hydndysed 
even in the sap of plants; whilst the salts of aiithocyauiiis 
are Biiflicicully stable to exL>t without decomtiositiou in the 
vegetable structure. 
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y. The Oritjin of Colour Variatiou in Plants, 

111 view ol:' the strung family I'esoinblaucc between the 
various plant pigments, it may be interesting to indicate the 
muiiiicr ill wliich such closely related compounds might givo 
rise to such gradations of tint as are shown in the flowers. 

All examination of the structure of pclargonidin will show 
that it is ca]>able of. yielding various tyi>cs of derivatives: 
metallic salts like (Il.)i oxoiiium salts like (ill.), and internal 
ethers like ( I V.) : — 
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THE ANTHOCYANINS 




Tho iinportnaco of mctiillic derivatives of tho unthocyanins 
has boon enipiiasized by recent work on tlio subject.^ Jiednetion 
of a ibivonc derivative by means of a inulal and a mi^ieral acid , 
leads to u production of a red conipoiiiid ; but when inagiiesium 
and an orffunic acid such as acetic acid is employed in prosencu 
of mercury, the colour of the ]>i'oduct is found to diverge from 
the norinal red tint. Tims wlieii inyricelin (L) is reduced in 
this way, it yields greim compounds wliich have the com- 
position CwJf iiOh . Mg . ( )xV.c, [Mg(OAc).J». Tho i-eaction 
apparently proceeds in stages. In the iirst sliij^e, the. pheno- 
pyryliiim derivative (II.) is formed; which then passes by 
elimination of iicetic acid into (in.), wliich finally unites with 
magnesium acetate to produce (LV.) (see ]>. 232). 

If, instead of myricetin itself, a rhamiiosiilo derivative, 
iiiyrici trill, is used, the rosulliiig product is a deep blue 
substance coutaiiiiiig four molecules of magnesium acetate. 

The diftbrence between the reaction -products when iiiiiieral 
and organic acids arc employed hits heen traced to tlic fact 
that the radicle — Mg.Cl is rci*Iu('ed by a chloiine atom if 
hydroeliloric acid is present in (piantity; so that tbo end- 
product is the red oxoiiium chloride. 

Basing themselves njioii these results, Siiibata, Sliibata and 
Kasiwagi suggest that uiotullic cuiiiplu.\' salts of the type — 
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are iiniionant factors in flower coloraiion and give rise to the 
blue ” anthocynuins. The metallic atoms which they contain 
(indicated by M in the formula) aro probably calcium and 
magnesium. The *Udolct” and." red” pigments are assumed 
to be comple.x salts containing fewer hydroxyl gioiips than the 
"blue” ones; or to be mixtures of the “bine” compounds 


gbibata, Sbibata and Ka.siwagi, /. Anur. Chem. Soc., lOlU, 41, 208. 
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with a cortaiii quantity of the roil oxoiiiuui salts whicli have 
been formed from the “blue” derivatives by decomposition 
witli acids. 

The existence of thase various typos would Ijo conditioned 
by the nature of the sap in tlio neighbourhood of the pigment ; 
and as the sap must obviously 1)o more liighly coiieentrated 
the nearer we go to the evajioriitiiig surface of tbe )>elals, it 
is evident that variations in the struetui'e of the pigment mimt 
be expected. Again, tbe sap in cerluiii parts of the ])lant may 
be mure nlkulinc than in others; and as the cyanidiiis are 
iiidicfiturs, it is clear that their tint will be alfected by this 
factor also. 



CIIAFIKU X 


sown: TJIKOKIlfiS (JF TJIIC NATIJJIAL SYN'JfUESKS OF VITAL 
laiODUOTS * 

1 . Intrwimiifvy 

VViiKN \vc survey that iiortiou of organic clicmistry which 
(lealK with euiiipuunds derived from natural soureus, it is iin- 
poMsihle t<) overlook the fact that, iiltliongh we can synthesiise 
many of tliese suhatauces in our laboratories, the methods 
which wo employ there dilVer entirely : om those wliich are 
utilized in the natural production of the same substances by 
physiological or ]jhytological means. 

Tlie fimt groat diHerenoe Ijotween the lines of syntheses is 
found in the ranges of temperature employed in the two ciisob. 
in the plant or iii the animal Imdy, the roiictions which build 
up extremely complicated products take place, obviously, within 
very narrow temperature limits ; wliilst in our labunitories we 
employ conditions varying from one anotlier by as inueli as 
300® 0. Not only so, but we pross into our service reagents 
of such instability and roaotivc power that it is imi>ossible to 
ccmceivc their eemiiig into oxistouce at all in' the animal or 
vegetable kingdom. 

it may Im) argued Uiat this is only natural. After all, our 
ohject ill Laboratory practice is to obtain the liest yie.ld in the 
sliortcst time; and a I'csort to natural methuds may le re- 
gonlcd with the same distaste as might be shown hy a traveller 
from Loudon to Inverness at the suggestion that ho should tear 

* W’bcn this chapter was under consideration, Professor Collie, at 
request, sent mo a uummunicatiop embodying sqmo of his views on the sub- 
joot ; and these appoiirod to mo to nocossitato the re-writing of the major part 
of the chapter on the basis of his notes. To avoid oontinual rofereuoo to this 
private oominunication and at the same time to indicate Lis share in the 
matter, I have placed a f at the beginning of each paragraph which is derived 
from his notes. — A. W. S. 
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up bis first-cliisB mil way liekut aud pcrfurm bis journey on 
foot. But oil thu other side there is something to be said also. 
Very little is as yet kuown with rej^urd to vital syutlieses; and* 
it is quite possible that the methods adopted by the living 
machine, when we come to iindemtaiid thorn, may be simpler 
aud more efficient than our ])i‘esent-day laboratory reactions. 
Even If this view proves to be erroneous, lliere can be no doubt 
that attempts to throw light upon ]>la]it and aiiimnl methods 
will broaden our outlook upon oi^gaiiic chemistry as a whole ; 
for at present organic chemists, almoKt without exception, leave 
this brunch of the subject severely alone. 

t One reason for this abstention is perhaps to be found in the 
manner in which our chemical literature is compiled. In the 
textbooks of the subject, tlie naturully occurring substances are 
not grouped according to their place of origin but are aiTangod 
under thii headings of alcohols, achls, etc., and are scattered 
about the literature merely to lill up gups in hmg lists of arli- 
(icially prapared compounds.^ ()i;ganic chcmistiy of to-day is 
not properly organic chemistry at all, but has swollen into a 
chemistry of tliousands of carbon comixiunds wliich do not occur 
in natui'C. Many of these synthetic compounds are the result 
of the iiumeiise industry of chemists who have beeu misled by 
the idea that a new compound must necessarily be intemsting ; 
and also of the very narrow outlook of cerUiiii other chemists 
who think that a graphic formula is the be-all aud end-all of 
the science. 

t Of course the chief reason why in textbooks w^o find so 
little information about “ how ” and “ why ’’ certain compounds 
arc produced in plants and animals is because we do not know 
the answers to the questions involved, Lii the plant, for 
example, there appears to be no step-by-step process for 
making more aud more complex materials, as we do in tlie 
laboratory. Carbon dioxide, water, anti nitrugeii, combined 
or otherwise, are absorbed by the green plant in sunlight. 
The first substances which can be isolated from the reaction 
products ai« sugars, .the next oucs arc the highly complex 
starches, celluloses, and proteins. All the organic compounds 

1 lloaH and Hiiru CJiemistnj of Tlant 1‘roducfa (1917) gives ou excellent 
BUEvey of the ** organic ” Held, and should be consulted by anyone who desires 
to go further into the sabjoet. 
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siu-.li its JicuU, esters, fats, (‘^jlourin^ matters, aiul alkaloids 
are most i)robaljly for mod by a rlowii-grade process; a de- 
‘ com position oJ’ the starches, celluloses, and proteins. The 
chemist in his lahoriitory seeks to make Ihose compounds by 
syiillieses from simpler bodies; the plant appears to pi-odiice 
tlieni by a i*evorse oiHiniliiin fniiii .stoi*c«l-up material of an 
extremely complex iiiolecuhir structure. 

tSome of these down-;»rade proc(isses c,an lie followed to 
ii e*Ttaiii extent in the laboratory. (Jcllnloses, starches, and 
prolcins (jaii be hydrolysed, oxidized or otherwise decomposed. 
Ihit our methods, as a rule, ar«j too violent; and the line 
;,o'a(I'js of reaction which bike place slowly at ordinary teni- 
peratiires in plants ha\e, up to the ](ri'.seni, delied imitation 
ill th(‘. laboratory. 

t Nevcrlliul‘'ss, wo must not lose sight of the. fact that 
although natural read ions often tc) o]iorato iii a way 

quite dillbrent from laboratory reaction-!, yel both sets nut'll 
obey the same law.s. 'riioreforo, if we find that in the synthetic 
proe.e.ssos of our lalHiratorics e.er(ain lines arc followed under 
emiditions which could exist in plants, we aro not far wixaig in 
as.suming I hat, in the down-grade proi;(!S.ses of nature, the same 
general <lire.ctiou will be t.iken in the formation of prodiiets. 

t Another point arises hei’e. All reactituw wliidi an* likely 
to be employed in vital .syiithosos are i-cvei.'nble; and hencr* 
if they be e.arried out in glass lest, -tubes they must cointt to 
an ei|uilibrluni point, except in ihose case.s wherein gaseoits 
products \ire formed. How, then, does the plant siiece.i'd in 
producing ils high yields of certain substances whitdi, in a 
test-tubi*, would be fornie.d only in miiior quantities from the 
same reagent.s '^ When we examine the living plaiii, we are 
at once struck by tlie w'oiiderful mechanism of the natural 
chemical laboratory wliich wo lind thiT<*. It is a sy.steni of 
test-tubes mmle of cellulose and dilferiiig from onliiiary test- 
tubes ill that the wiills are consLrueted from semi-permeable 
membraiie.s. ICaeli cellulose tu.st-tubo is iiiimersod i^i a solution 
dilleriiig from that which io contained, within the eellulo.s(‘ 
vessel. 'I'lic nieinhrane acts not only as a container, as the glass 
test-tube doc.s, but in luldiliou it behaves as a iiltcr, a coii- 
ceiitj'ator, or a separator. Thus during the progress of, a down- 
grade I'eucLion in which a cumplux inulcculu is broken up into 
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coiistitueiit- parts, Uic cellnloso wall ])tirmit8 a cortain product 
to accumulate in one jjart of the jdant whilst a mixture of# 
other compounds may hi* withdr.i\vii to a difliiieiit ref^ioii. 
In this way the oi-diiiavy cipiilihriuin staj;c of the reaction 
is evaded ; and much liighiu' yields may thus be attained. 

t Ihit u liat starts this dowu-griwlc proci'ss ? Once the ])laiit 
has synthesizinl its starches, etc., w'liy are these substiinces not 
stable, as they arc when wc ]>lacc them in botth's in a chcmieal 
inuscuin { To answer this question wo innsl knriw how the 
])laiit grow.s ; and wliat is meant by a living maUivial as 
o])pos(>d to d(‘ad matter. The. difl'iinmces between the I wo 
are miieh too marked to allow of dis])nte. 

t W'lion a crystal grows in a .solution, we m.iy wgard t.he 
pi’oeess as the first glimmering of individual life in that par- 
ticular subshincc. Infinitely more, eomph^v is the growth of 
proto])laam from earlion, hytlrogen, nitrogen, and oxygen ; 
the .smallest ]iarti('le of iiiotoplasm is iueonci‘ivahly gi’cab-r 
than Uie atoms tVoni wliieh it lias been built up. Still more 
complex is the growth of a plant from the .seed. In all the.se 
cases a ilirective agency S'li-ms t.o be. at work. Whether 
further inv'estigalion will or will not .show that all these 
]ilionome.mi can be e.xjilaimsl by purely (‘hemical and phy.sical 
l.iw.s, time alone, ciin sliow ; but it is quite certain tliat at 
]a'e.sent the only scieniiiie eonr.si> is to adinif. that wo do not 
know. The cheinieal reactions whieh take pliir;e in the living 
])lant are in certain respects so iliHenmt from tho.se which go 
on in the lahoratory tint, we are forced to recognize the action 
of .soni' sulitle figeiiey which, iqi to the pre.scnt, we have heen 
iinaldc to imitate. 

t liCt us I’etuni to the ilegradation of the starclii‘.s, cellulo.se.s, 
and proteins. The plant, under the action of .sunlight, has 
•Stored iheso .suhstanccs in its body and has gimvu to its full 
size.. The directjve Ibi’cjc begins to get exhausted ; the plant 
is growing old ; most of its .starche.s are now ii.scd up; and the 
(*ellulo.ses and jirotcins are hegiFUiing to undei^e more and 
more rajihl decomiiositioii. The tiown-gr.ide process has set 
ill with increasing velocity. Hie plant is still alive, hut the 
.system is losh.g instead of gaining enei-gy. Ferinentations 
have begun; hut fermentations will only explain a jiart of 
the process, for they are catalytic reactions which would, 
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normally, reach their equilibrium slaves whether the plant 
^weiu young or old. The enzymes causing them ore chemical 
reagents which enable part of the stored-up energy in the 
plant to he set free again; hut the actual disturbance of 
equilibrium is due to the separation and segregation of the 
reacthm products by the scnii-purmenhle me.mhranes. 

It seems nut impossihle that the later stages in the lifo- 
liistory of u plant arc brought about by some cliaugc in the 
iiatiiTO of ila ce.ll-walls, akin, iH^rhaps, to the ossificntioii of 
artm-ies which sets in witliiii the animal body under som(‘- 
what- similar (ionditions. If, at this skige, the colls ccasod to 
a(jt ns semi-])OTmeablo iiiombraiies, the whole machinery of tlic 
plant would biMiome clicked with by-products, and the natuml 
changes which aiv. necessary in living matter would gtodually 
(X>me to an end. 

t During ihe growing phase of the plant, stai-ches, cellulose, 
proteins, and enzymes 01*0 produced ; but os the plant ages 
the growing energy lessons, the enzymes get the upper hand 
and pix'.y upon the .substance of the ]ilant. They are the 
parasites whicli finally kill their parent. 

t (*ou.si(lering the importiince of the ferments in the scheme 
of uatum, it is extraoiHlinary to notice how very brielly they 
aie refeiTcd to in mo.st tcxtbook.s of organic chemistry ; ' and 
the textbook rollects to a gniat extent tln^ outlook of the 
average Organic chemist. Ft is haixlly to be wondered at if 
the new* generation of organic chemists, trained by such 
inotluids, becomes imbued with an almost siqiprstitious rever- 
ence for the deluge of organic comjionnds wliich been 

spawned in thousands iu chemical laboratories for, aj'pareiitly, 
no useful purpose whatever. 

2 . TIu: General Conrsc of Vital Bynthms ami Degradalvnia, 

• 

t When the action of the living machiue is cou.sidcred in its 
broadest aspiicts, there seems to be no ^ doubt that it can be 
regarded as divisible into two opposed processes. In the first 
group come the synthetic reactions by means of which the 
products iissimilated by the plant or animal ore converted into 

1 Haas and Hill, in their Cihemutry of Plant Products^ give a very good 
summary of tbo nature of enzymes and their action in plants. 
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uxtreiuely complicated celluloses and proteins; whilst in the 
second class arc placed those decompositions and changes which^ 
convert the celluloses and proteins into simpler substances 
The first series of reactions are probably carried on with the 
absorption of external energy ; the second group comprises 
reactions which liltcrnte this energy once more. It may be 
convenient at this point tf) give :i table indicating the (!Oiirso 
of vital action in the two cases: — 
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I )cri vnli ves ( Viiii])ouii(is 


Knergy Uheniled 
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I j Knergy ahwu-hcd 
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Peptones j 
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/ I 

Purines • Amino-acids 


In the case of the cellulose synthesis, it seems evident that 
the i-coction leads to the formation of long chains built up from 
sugar molecules ; for hydrolysis of the cellulose yields simple 
carbohydrate derivatives almost unaltered. Thus in this cose 
the reaction is quite uncomplicated and appears to be simple 
dehydration or polymerization. 
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Tlic tran.sroriiiatioii of llie celluloses into lignocolhiloscs 
^ is evidently iiioi’e complex, as the latter compounds appear to 
contain cyclio nuclei of varioiLs tyjMJs; and from them the 
aromatic and heierot'.yclic substances formed in plants may ho 
produced by a series of degradation reactions. 

I'liruing to the x>i'<)teins the same holds good in geneml. 
We liave, first, tlie formation of simple amiiio-compoumlR 
whicii have not yia been isolated and proved to take part in 
the synthesis. I'roni these, by dehydratiem, the proteins are 
fornuMl. After this, i»y fermentation, we get simpler substances 
produced whie.h are classed as albiimoscs. Further degrada- 
tion yields peptones, \.hich ani closely akin to thi‘ albiiinoses : 
and iinally the mattu'ial Imsiks down into ]H)ly])C]di(h‘s and 
simple amino-acids. 


Jiiuirfhn’tm V’dtJ Sjinlln'M'H. 

In attem]>ting to deduce the actual ])roeesscs whicdi h'ud to 
the Ibrmata.in of natural products, wo are faced by two facts. In 
Llie lirst jdace, we are able toinle mit as impi>dsib]o such n*- 
actions as depend upon high tempein tint's and viident reagents ; 
but, in the second ]dace, we an; not entitled to assume that, 
because up to the ]u-e.senl we iiave not siieeeeded in making a 
rcactiini “g(»” at ordinary tcm]ieratureR, it is theretbre im- 
possible for such a rcaelioii to proci'Oil efleciively umlcr t-liese 
conditiohs. 'I'he safest cmirse is obviously to coidine ourselves 
as far as ])ossii)1c to reactions invidviug mild reagents and 
eapable of ]n'oceeding econoniically at ordinary teiiipoi.itures; 
though at the same time wo need not exclude other reaetim. . 
entirely. 

Ijimiting ourselves thus, the choice hefin'e us is by no 
means so rcstvictiMl as might at lirsl be expected, rolymeriza- 
tioii, eximlensatioir, hydrolysis, hydration avd other addition 
•ruactibns, dehydration, oxidation, reduction, and iiitnunnlccular 
Change are all roaclioiis wliioh are kiipwn to be capablit of 
taking plnco at ordinary teinjicratmus. 

With reganl to polymerization the data are too nnmerous 
to need refci-ence. in deUil. The polymerization of aldehydes, 
the production of truxillic acid from •cinnamic acid under 
the imtion of light, the iMinvorsiou of ethylene into higher 
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hydrocarbuDs, and (liu syiitliusis of rubber fnmi isopreiic iuii 
too well known to render it ncccssniy to ilisciiss tliem. § 

Wbun wo come to condonsiilion the matter demands a inui'o 
cai-eful scrutiny ; tor varuuis types of reaction are involved, each 
of which liiis its particular applicsition to the pi'obleiu boforo us.^ 

The aldol condensation can l)e carried out witii the help of 
traces of foreign materials ; and it is noteworthy that among 
those catalysis arc to be found salts siicJi as tJio acetates, car- 
bonates, and bicarbonates of the alkalis, all of which miglit 
be found in the saps of plants.* Now the uhlol coudeusatioii 
not only iwovides a means wliereby carbon chains may be 
formed from shorter grou]i.s - - 

(’ll3.l!Jl()-i-l‘ll3.<llIO = (‘lla Ollg -Clio 

iiiit in addLlion it also give.s rise to carbooycUc derivatiyes '* — 

riia ro riL coon oiia ro ni oooii 

liriio > tniy riijj 

(‘lb, ro (K., I’ooii ro.rii rooK 

rii3 rioil) (Ml rooit 

I i 

(!ll. <' 11 , 

I ■ I 

(H) <11 coon 

Tiie beii/oin coiideiisalii>n might also be reckoimd as a 
ju'oljable vital reae.lioii, for, although it is usual to employ 
iieat in ihe lai)or:Uory, it seems evident that this condensation 
proceeds at ordinary lemperalures at a slower rale. 

The second (dass of eondeiisatlou under consideration iu- 
e.Uides those reactions in which aiiiitioiija uiolee.nles or their 
sultstil uLion ja'oducls lake juirt. Of these, apart from umiile 
formation, Llie most iiupoiUiiil is tiie production of amino- 
alcohols from ulildliytlcs ^ 

K (MI :0 + NJI3 = b‘, Cn(OII)--NH2 

1 Sec ilaoyor, Her., 1870, 8, 00. 

- Sue lUibiasuii'ii su((}{osliuiis uu lliio puinb (7'rait«., J017, 111, 870) ; coui> 
pate napor, Traiui., 1007, 91, 1881. 

* Tho actual uatalyKt may bu tUo Ixydroxyl ion. 

> llabo, AhiuiIch, 1008. 860, SiUS. 


U 



242 RECENT ADVANCES IN ORGANIC CHEMISTRY 


All iiitriiiiiuluciiliir iipjilinatioii of tliiH rciiotioUi in wliicli an 
aiiiino'alildiy«l(! is loads to riiijr-idrinalioii .'iiid Llio 

pi'odiietiou of an aiiiino-alooliol of lliu following typo ; — 


/('HO 
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CII.OII 
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N Ml 


\y\ 

Cl'la 


And, as Kolnnsoii ' lias sliowii, lliuso aniirio-alcohols read 
it^adily in a(]uo.oii.s solutions with ketones, producing now 
derivatives by tlie orniinatioii of water -- 


CII.OII 



+ (llla.CO.Illlj 


(dlM^lL.CO.CIU 

I 


UiU'ereiit in nature i.i the rin^^-forinatioii prodiieed when 
such suhstaiiees as diaeetyiaeeloiie an* treated with ammonia.^ 
Hero one nioloculc of annnonia interacts simultaneously with 
two hvdroxyl radicles- the ketone eiiolizin^' — in older 1o pro- 
duce a derivative of p> ridine - 

(M), 

CM CM 

II i; ■ ■ 

rn^.c 0.CII3 i 

\ ' 

IIO(Hl 
Nil., 

'ruriiiiig to the (piestion of hydrolysis, it is uimecessat^^ lo 
dwell at length u])on the ordinary n'aotions. AtUMition must 
he drawn, however, to the fact that the same reagents may 
produce dideKiiit eiid-pruducsts aocoitling to the conditions 
eiiipLoyed. 'I’hus ueotuaoetic e.stei* derivatives may yielil either 
a ketoiic or an acid in addition to acetic acid, in the oixliuary 
ucctuacetic ester synthesis. * 

The most iinjwrtant I’eagcuis in this held, however, are the 
cuzyiues ; and it may be worth while to deal with their action 

' liobiuBon, Tnms.i 1017, 111, 87C. 

* Ccllic, Trana., 1007, 91, 1806. 


. CO. 

CII Cll 

!! II +-HLO 

MIj.C O.CII., 
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ill iiioiti ilrtail. For tlio liyilrolv'sis of i.liu protoiri'!, two classes 
of cnzyiiio lire known, wliioli tnv toriucd i»rotcol\ tie. Tlio 
peiisiii ^'I'Ciip attock iilhiiMiiiis only in weak acid solutions; 
cunvertin^r tliem into alliiiinoses und peptones, which arc 
.solnhlo aUmminons compounds of ('oinpUciitod stnicturo. The 
trypsin gv<»up, on tlic other Inind, arts only in luuilral or weakly 
alkaline solution. A third idass of on/ynics, the ]ah(Mixynic.s, 
have the faculty of coa;.;ulaLirii' protein cunipminds and are. 
thcrefoi'O tornual eoaoulating cn/.yuu's. To some exUnit a 
fourth type of eii/ynie might hit includiMl in thi.s .seel ion, since 
its reaction rcscmhles tlnwe of the piDtcolytic class in so far 
that it depends upon the hydrolysis of I he amide, group. This 
last type ha.s the faculty of luv.iking down urea and urie acid 
derivatives. The lipolytic eiixymcs arc ntili/i‘d to break down 
fats, from whieh they liUirate gl\r*eriiie. 'I'hey app«*ar to react 
hesL ill ai'id .soliilioii. 

Se\eral mi/ymes an*, known which ivni he (‘iiiployed !.•> 
hydrolysi' siu h materials as -t irch ; and the progre.ss of Hut 
hydrolysis depemU upon the eiiy.ytiic eim.s(jn. 'I'lius w'hon 
diastase acts upon starch it eonvorts it into sidulde material 
and hieaks it down cicutuaily to simple carhoh^d rates, the 
cud-product lieiug mallo.se, ** 121 ^ 22 ^^ 1 - ^he application of 
maltase. carrie.s the. ]»roe.ess a j^tage further, two molecules «>f 
glucose, lieiug formed. ('•ane-.''Ugar i.s hrokmi ilowii hy iii\er- 
tase to glucose, and fruelose.. 

ill all these. c.ise.s, of eoiii-se, the ou/yiue nets merejy as a 
eiitalytiic agent and has 110 iiillueiicc ujioii iho equilibrium 
yioint. 'rims, as has been nieutioiicd in a jnvviou.s cliayiter, 
cbloroydiyllase may be. e.mpU.yed either to h\ ilioIy.se a phytyl 
esU‘r 01 to ropbwM* the. phytyl radicle by aa etli\l group. 

liiide.r the head of a<klitioii i-euetions it is only ueeos.sary 
to iiKMition one or two pi'ueesscs. Among tlie unsaturalcd 
compounds, and especially in the Lerpeiie grou]», water can he 
added on to donlTlc bonds at ordinary teiii]ieraturc.s when 
acids arc present.^ Apparently the reaction takes place in 
two stages: a molecule of acid ilret attiudiiiig itself to the 
donhle. linkage in onler to form an esU-r whieh is then 
hydrolysed, leaving an alcohol. 

Under ordinary conditions also, ammonia has the faculty 

> WalUcli, AntiaU h, I'JOS, 860 , lOil. 
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of attacking curtaiu utliyleiiic linkages. Thus mesityl oxide 
V takes ii]) a molecule of ammonia to form dincctonaminc— 

(CJJIs)2C :(JJ1 .CO.CIl3-f-Nlf3=((31Ja)2C(NII,).(.)ll2 . CO . CIJ3 

Dehydration is u reaction capable of almost endless applica- 
tions in the field of vital chemistry. Saturated compounds 
may be converted into uiiHatnrated derivatives ; carlnm chains 
may be formed, as in the mesityl oxide and phuroiie syntheses ; 
buu/ene derivatives and heterocyclic substances such as pyroncs 
can be prepiu'cd witbout exceeding ordinary tem]>eratui'es. 
indeed, it seems probable, though not yet proved, that a large 
pniportion of vital “yiitheses depend upon successive dehydra- 
tions and rcliydrations, by means of \vhi(‘h the structure of 
the molecule can be altered. 

As to uxidation and rciluction, no doubt can be entertained 
as to tilt prominent i)ait taken 1.;' them in vital i-eactions. 
As far as oxidation goo.'‘, wu arc acquainted with uumenuis 
enzymes (oxidases) which act as agents in the reactions of 
living tissue; and through the nature of the corres])onding 
reducing enzymes, the reductases, 1ms not been fully studied, 
theix) seoiiui to In; no question about their existence. Ajxirt 
fiimi enzyme action, iiumei'ouh cases of spontaneous oxidation 
aie known to the oigaiiic chemist, such as the formation of 
indigo from indoxyl and the xatiductiun of oxylucmoglobiu from 
hicnioglobiii. 

Intraiiiolocular ehaiigo is a branch of the subject which it 
is hai-dly necessary to treat in detail ; l)ut the piiincoiie change, 
the lieeknianii j'earraiigcnient, ami the heu/ilic ac'd chaiigo 
iiiiiy be iiieiitieiied, since they may serve to tlirow light u;)ou 
vital reactions. The most importaiit of all is the kcto-onol 
rcari'uiigemojit; hut this will be fully described iu a later 
section. 

In a previous chapter wo have alreiuly encountered some 
c.xamples of an intinmolocular reaiTuiigement which is of the 
groatest imjHirtaiice from the point of view of natural terpone 
syntheses: the formation of cyclic coinpounds from o^ieu- 
diaiii di-olofmic derivatives. The cases of citroiiellal and iso- 
piilegol (p. 88); rbodinal and ineiilhono (p. 94); citral and 
cyclo-citrul (p. 90); and the cmi version of gerauiol, ncrol, 
and liiialoul into torpineol (p. 101), are examples of the type 
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to which wc refer. These changes take place citluir spon- 
taneously or under the influence of alkali or acid ; and it 
seems not improbable that some such rean-angement Ictids ta 
the production of terpones in iiatun^ 

Among natural products, tiu'thylaniiuc dorivativcis occur ; 
and it api)cars probable that these arc funned by the .'iction 
of formaldoliyde: — 

2 NIJ 3 + 3f JII jsO = 2NII«. fill.! + ('(>2 4- MoO 

fi) laboratory pi'actice the reaction takes ]) 1 ace even at tlie 
tcinpeviituru of a water-bath; so that it e.vidently e.an be 
earned out, though slowly, under ordinary conditions. 

riiotochemical effects must, of cjoiirse, play a very striking 
part in viUl processes, especially in the viigetiible kingdom. 
* (H* tln^se, the most iinporbant from the theoretical stamlpnint is 
ihe diswivery by Ckitt«»n * that the dexl.ro jind l:i*vo forms «f tar- 
taric acid absorb //-circularly p/iIarixo<l light lo jlillercnt extents ; 
which itnplics that such light will decompo.sii them at dilferout 
rates. Now sin/jo light i.s ciicnlarly pohiri/ed hy the surfsicci 
of the MUii, we have a natural method whend/y the i^rodiictioii 
of uiieipial (luantiiies of asymiinitrie material can he attained ; 
and once the halaiic‘.e hcl wt'cn the two isomer.^ i.s thus distiirheil, 
the gmieral production of optically jietivc c(»nip«mnds hccomos 
l)OHsihl(\ ft may he that these expcrimiMitM indirxile the 
manner in which optically ac'.tive suhstiinces first made their 
ap})carancc on the earth’s .surface. 

t. 77//' rrodvdion of Curhohifil rates. 

Ln .searching for the rc.servoir.s from wliich plants draw 
their supplies of c.-irhoii wheroxvith to hulM up tlicir ti.ssues, 
wo are limited hy the fact that plant nonrishment can take 
phice through only two channels, tlie roots and the leaves. 
As far as the supply of carbon is conci'-rncd, it may at once be 
grunted that the roots play no preponderant part. Plants can 
be forced to grow under conditions which preclude the ]) 0 .ssi- 
bility of any great supply of cai4)on throiigli the root ; and 
yet the organism seems to siifler notlung hy this source of 
material being cut off. We are, therefore, tlmnvn back upon 
the leaves as the essential agents in carbon assimilation. 

‘ Cotton, Ann. Chim.^Thys.. IWJG, VII., 8 , STS. 
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Tliti soumj from whidi loaves i-an obliiin (jarbon compoiiiuls 
is olivions : llio oarljoji flioxulc of llio air ‘^iillicos to fiirniKli all 
tlio carbon wliicli tlic ]»lanl n*i]|inn‘S for its •'Powtli ; ami it 
only roiiiiuns to c()iisi<lcr Jiow this is ul-ili/cd by ihu organism. 

Straii'Ttjly iMiouoh, lh« next staffo in tlio proijcss is »)no 
wliicli has rise to most riontr«)vor.sy.' It scorns not 

Lniprobablo that the rnyotion takes tin* following form: — 

ILrOs -flill.O ll.I'IKH- IMI2O2 

If, n(»w, an on/.ynn* bi- present whieli has the powm’ of d(M*om- 
])i»sing Iiy<lrogon pero\i‘lo,® llan-c* will be a (‘ontinuni progress 
from left to right (tf tlui ettnatioii, with a steady acciimidation 
of tbrnialde.liydo in I ho h‘af.‘* 'I’he «‘iii‘igy required to elfeo.t 
this reaction miisl originallv be drawn from solar radiation 
but the immediate cause of the ti.insformation may be due to 
electrica! eonditions on tlio leaf siir •ce.' 

Assuming that forma Ideliyile is thus formed, clearly it. 
does not remain unaltered; bn* it was only with considerable 
diflieultv that the ]m'senee of this substance in ])l:int h»we.s 
was dotm'mined/' Kvidently we am led to assume, further, 
that the foniialdehyd(‘ i** changed almosi imiuciliately into 
some other substance ; and the experiments of boi‘w,'* Ii’ischer 
and Passmore'^ h<ive shown that in pri'sence of caleiuiu hydrate, 
a dilute solution of forniahlebydi^ can be polymeri/ed diree.t to 
racemic fructose. It seems very doubiful, however, if lliis 
.simple ju'Ot'ess represmits what occurs in the plant; for the. 
.sugar.s obtained by t.hytologitvd methods are o})tically active, 
so that ail asymmeli'ie agent iuu.st make its -.r'lnce at 
some .stage or other iluring their syntliesis. Two alternative 
solutimis of t.hi.s proldem may lie eoirsidm-ed. In the liret 
place the agent which stinndates the polymeri/alion of the 
.sugar may he itself asyiuiuetiical (.in en/ymt*); and thus onn 
enantiomorph may lie formed in gi’eater guanlity than the. 

' Sfic Jorfiouscii iiiiil Stiles, Ctnhui AssUmhitiun \ 'Fildohi, T’rcsidcntifil 
AdilrcsK, 7'/«/w.s., r.MJI'i, 89, 74.0, ^aiid .ilso and Hill, TJh I’heimfstiii of 

ThMim ts, !•. 101 IT. 

'■ Jioow, Ifrr., I'JU-J, 35, 

* Soi' CiilKion, IwH. of Holuitij, 22, 1 17. 

' Niitl. 

•' 1jU(‘\v, J. pr. chem.. lsS(i. 38, 331. 

' Fischer and Passiuuro, //cr., I.S8'J,'22, .309. 


- Ibid. 



NATURAL RYNTITESES OF VITAL PRODUCTS 247 


other: or poesil)ly th(^ racomic siij^ar ia ])ro(liicO(l l)y direct 
ifjctliods and is then acteil upon by a sclectiv»‘ eiizynio sucli ^ 
a., are coiiiinon in plants, with the result that one antipode js 
more rapidly decomposed than tho oilier. In oithor way a 
prepond<*rance of one active form wonbl result. It must he 
fr.inkly admitted that oven in this simple pi-ohliMii we can 
only say that we do not know iho Iruo solution. 

Witli the production of HUj'ars of the hexosc ty]n\ however, 
the main difTicultios are ended, for by the action of en/ymes 
these can be converted into much more iHmiplev materials, 
the polysaccharides;^ and even higher compicves such as 
dextrin can he produeeil fmm the hexosos by catalytic moans. 
As to tho further stages by which ocllulosc and its analogues 
are formiNl, we can only admit, our ignorani'o ; though llie 
fart lliat llu'Se suhstam-es can he nidiieed to si ni] dor materials 
by eatalytie action ccrtaiiilx suggests that they are ^irohahly 
liuill U]) hy a similar proces.s. 

o. Uoflh'it Thru til of Rirjfnui Aofion. 

t Daring tho bieak-dowii of certain (‘arliohydrato derivatives 
under the action of eiizviiii's. an iniportaul slop in the reaetjun 
is evidently the 'cciiiiiulatiun of hydrogen atoms at one end of 
the ehain and the gallieriiig of oxygen atoms at anothur point. 
Only on this a.'Snmptinii can wo explain tlio oon version of tho 
radiele (1.) into the gron]niig (ll.) which evideaitly takiw plane 
during alcoholic fermentation : - , 

c I U)i r— c 1 f .01 1— ( llg— C 1 fa- 

(I.) (II.) 

Now if the. sugar molecnlo bo regarded as he.ing hnilt nj) from 
a chain of carbon atoni.s united wiLli water imdecnles, such a 
transformation can madily he ivpro.*eiitcd hy » mere change 
in oriciilation of the hydnigen niid iiydro.xyl radich‘s, Avhieli 
might be prodiicod by dehydration and reliyd ration : — 

Ji — c - OH OH U --L, H U C — H 

I _|._v | + |-> i 

K— C--II II K— -C OH K L OH 

I I I 

' Jlill, Timut, '8!W, 73, 1534;, son also itayliss, Thf yniuie of Wiijj/wm* 
Action. 
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t 111 the case of a pcnto.se. 

distinguishing 

the inverting 

groujis by the 

doited line.s, we should get 

the following 

picture : - 



* 

11 

If 

11 


ii-c I on; 

If— C- II 

n- c-iE 

Cil3 

:hb- e i n . i 

II -c-idir; 

II-C-” n 

Cll, 

i u]c ■on;--- 

iidi c ‘II I — 
1 1 • 

— ! n’i c on 

i:o 

i\ 

;iioi-e*n j 

11 i c -*»ii 
. * 1 

liiiii c on 

1 

CO 

1 

1 ni-C' on 

no- c--on 

nn--c - on 

cm 

on 

on 

on 



t T;ik« tlic Crtflo of II lujxoscj sis lui illiifltval.ioii ol’ Mu*, next 
fli-o]) ill Mic iir^uiiient. At oiio oiul of Mu* cliniii is Mio wonkly 
Iwisic hvMioxyl .iji'nnp, wliilsfc ul, Mio oMu-r ciul lies tlio Jilili'liyilo 
riuliclo, inliis (irilio-ronn, is sviMkly aoiilit*. IL is llu*ro- 

foiii roast iiiiililo to nssuiiu* lliat blio ii iiin cluiin nf tbo Hii^'ar is 
Rubjcclod to elcctncal strain. Now i. Mii.s oltxilriciil (‘oiulitioii 
can lio iiLlorfonMl wiMi, ohaii^es ini^'IiL Ih* e,x]>i*cle(l to occ.iir in 
the inolccnle; and it. is possible tliat. the enzymes work in 
Miis iriiiiiinT. Tin*, enzyino Ynoloenlo is ]n’obMb1v liniK np rniiii 
ainiiio-iK'ids sonu'wlial in the same nniiiiH>r as a protein ; so 
that it contains, likt* tin* sulfur, a basic .unaip ("-Xllo) and an 
acidic riulicle ( — COOH). Fmni wbal we know of Munr mo- 
lecular f-oiniilexity, the enzynio molcciileh iinisl be iinmonsely 
^miler than tlie molecules of sim])le, carliohydrates ; and it is 
theiefui'o probable that one niolecnlu of enzyme, may react 
simultaneously with hundreds of caibohydrate mole.eule.s. Tliu 
basic and acidic gronp.s of Mie sMi^ar will come inU> contact 
with Mie acidic and liasic ])ortions of the enzynn provihul Ufti 
IhcAc ///Yiw^w rn'iiinf mikiUIe pusHio,t^s in. spavp ; ‘ tlm system 
is then shorl-circuitctl ; and what mi^lit be termed “inoleeiilar 
electrolysis” results; the enerjty of the Rii«far molecule is set 
free ns heat; and, by the roarran^^mment of the hydiDircii and 
hydrpxyl groups of the sugar, new' compohnds are formed 
which are no longer capable of combining with the amplio- 
teric enzyme. The latter in’aythen be looharged by induction 
or by Mie presence of ions in the solution, as is the cu.se w'ith 
many colloids. 


This sorvai tu ex|)1.*iiii the sLj^'oiivo iiowcr of cnsyinort. 
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The following diagi'iiin represents tlie various steps in the 
process : — 



• 4 n (lie \llj'."><rp 1 . I* (>iii',in il siif'.ii iiiiiliuilc 

• ' Mil' UHfOH'i ;:'ou|i iffiii&J Siv n ,iiln dot iimpi>siiiiiii 


In its clriiients the f‘ollie theory henrs a strong rcscin- 
hhmee to hlhrlieh’s si«l»'-<*h!iiii tlicory c»r toxins siml nnti-loxins, 
the t\V(i gri)ii])S Jit the, ^loiiifs attnckeil Iwiiig iiiiiilogons t»> 
Klirlich’s receptors, wliilst the com-spoinliiig points in the 
<'iizyni(‘ jire Jikiii to Elirlich’s haptophore groups. 

t Ain)! her possiliiliU must not ho left out of nccoinit. 
Wlu'ii we examine the struetnial formnhi of a sugar in its 
ortho-form the simihu-itv hetween it ami om*. of the iisnnl 
«lingr:iins to illii.Hrale electrolysis strikes the eye at oiiee — 

_ _v 


on on on on on on 



if w(» imegino jl ])fiir of terminals insert-ed in the molecule 
as shown hy the + ami — signs, it is chiar that the hydrogen 
atoms v'ould lie drawn to the loft, whilst the hydroxyl groups 
would move to the riglil/| Tliis would give ns the same 
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anciimiilatiiiii of liydrofjcn atomR at one (iiul and hydroxyl 
^ ‘groups nt tluj other. Collie’s conception of the action of 
ejizyines allows us to pietiiro the necessary electrical terminal 
inserted into the nioleciilar striuiture of the sugar; and it may 
he noted that these tei'minals do not necessarily attack the 
two ends of the chain ; they might quite as easily he sup])Oscd 
to he inserted at any point in the molecular .structure which 
is .spatially .suitahle for their entry; and in this way the 
S(de('tive action of diHei'ent GnKyme.s may hi', accounted for. 

* 

(J. A Djfimmh FormvEt for iht^ Sinjara. 

f)iu* rcartion which dis|inguishe.s the .sugars fimu silniost 
all iitlior conipoiimls is their dehydiTili«»n. The ease with 
whifth they .s]»lil off watis- lejiving earhon hehiiid. i.s «)ni* 
of their most marked c.haracl eristics ; and it ap])ear that h‘ss 
attention lias Ixsm paid to the mattci than might he ])rofitahle. 

t On th(j basis of thi.s reaction, a new way of i*cganliiig the 
sugar molecule ha.s heen ]»roposed hy (lollio. Lot us assume 
that the carhohydrate niohicule is hiiilt u]) fi’om a .stniight 
chain of earhon atoms comhined with water nudeetdes, thus:— 

(■ (’ (• 

(lla(») (ILO) (IloO) 

Assume, fuilhcr, that tlio.so water mohiciilcs envelop the 
earhon atoms and (Imt tJm Ihrcv ahuiJi of thr v:uhr motmth' 
roinU rotruit the rarlmi- atom to whieh thejf arc rdalrd* 
If this rotation Avere entirely stopped, we should get tlie state 
of aifairs repi'esciiied hy the iimi.il graphic formula' for the 
sugfirs, eacili hydrogen and hydroxyl group taking up its 
favoured position with ingard to tho rest J)f the chain. Jlie 
rotation of the water jiKdcouIes might, of course, he either 
right or left>liaiidi‘d. 

t Now since atoms are electrical systems, this spinning of 
the water molecules about the carlion atomd would have tho 
same effect as placing the carbon chain in a magnetic field 
and lienee on this assumption h is possible to explain the 
optical rotatory power of the siigiirs. 

* If tho reader will clear liin mind of tho antiquated conooption of diroeted 
valency lio will iiavo no dilliculty in ttoeing that this idea in no Avay contravenes 
any fundamental chemical poRtolato. / 
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t The energy put into tlie system hy sniiliglit would l>e 
converted into tJie hicreast'd roialio}ial auirgij ot t.hc watery 
atoms round the carbon atoms. Tlie action of enzymes miglit 
Ih) supposed to be a braking effect which would tend to slow 
up the rotational energy and reduce the mbleculc to a condi- 
tion n^presented by tlie ordinary static formula. When tlio 
water molecules are at their highest rotational velocity, the 
system would tend to bring the axes of rot-aLion parallel, as in 
(T.) ; l)ut wluMi tlie braking I'lliiHit came in there would 1)0 more 
tendency to lil»rate and the syste-m wouhl approach the position 

(ir.):- 



Under such conditions the hydrogmi and hydr(»\yl groups 
would, at certain points in their orbits, come more or less 
close together, when either water couhl bo eliminated irom the 
system or the hydiogeii of one carlMiii might oxohnngc places 
witli the liydroxyl group of the next carlioii atom — 

> (’ll-CtOll) - 

(MI. 011 (11.011 ■ 

-> - (II2 (KOHla - 

t A.S can be se-( 3 n by working out the jiroblem, it is possible ■ 
to pass from a right-handed spin thnuigh the symmetrical 
kelo-iuethylune grouping to a final phase in which a left-handed 
spin exists; so tliat the theory cov»‘.rs the case of raceniization 
sat isfactorily and also such oases as the production of luivoi’ota- 
tory hrvulose from dextrorotatory glucose via the osazoiie. 


7 . The. PnlyketiileH. 

As will b(j seen in later sections of this chapter, substances 
containing the keto-methylone grouping, — Ollg.CO— , or its 
tautomeric form, =CI[ . t’(OH) jday a large part in some 
natural processes ; ami ii-^is therefore desirable to have some 
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general torni to cover tlje claea of compounds which contain 
Jinked keto-iiietliylciie chains. Collie ^ projKises to name 
^ those compounds which may be regarded as 
built up by the polymerisation of ketfin and tlic subscipient 
addition (»r a molecule of water— 


ii.((jnj.co).oi[ 11.(011/10)2 011 11.(011200)3.011 

A inonokoLido A dikftiilo A trikotidc 

(Acotic acid). (Aoctoaootic acid). (Triacutii* ac-id). 

The members of tlio polykntido series are marked by two 
characteristics : tlioir extreme sensitiveness to slight vaiiations 
in the lumcentration of the reagents used upon them ; and tlie 
nfadiiiess with wliich they undergo intramolecular change. It 
is uniiecessnry to multiply examples of tluiir l»eIiiiviour, but 
sevenil typical ones must be given to show tlu*. case with 
which polyketides or tbeir deiivati'.es oaii be converteil into 
members of alijdiatic, aromhtic, ami hci'irocyclie : — 

Txit us take as our .starting-|M)int. letracctic aci<l : - 

OUa . CO . (Jllg. CO. CHg. CO . Clla . coon 

This substance d««ia m-t ovist in tln) free stab*, l>Mt loses water 
at oiioc, giving a ring coiiipouud, dobydmc(‘tic acid : 


011 110 

(iii3.(‘o.<jii.,.(' ro 

‘ II 

• on Clio 

(!() 

Totracoik: acid 
(]‘iiiolio form). 


o 

0ll3.<!O.CII.,.0' (M> 

“ II 

Oil CII2 

\ 

CO 

Dohydnu'ctic iioid 
('I'ctracotii lactone). 


Oehydracctic acid, wlion heated with mineral acids, gives 
rise to salts of dimethyl-pyrone. Tho first stage in the reac- 
tion is the formation of tetracetic acid, whiph then 1o.sob a 
moleoiilo of carbon dioxide from its carboxyl radicle ; diacetyl- 
acetuno is thus produced, which oiiolizcs iu a new 2>08ition ; 
finally, water is eliminated and dimethyl-pyrone remains : — 


^ Collie, ri-oc., 1907, 28, 230. 

• For a general account; of polyketido rooctioiin, roc Collie, 7 V<wm., 1907, 
ei, 1806. / 
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When the (1iinutiiy]-])yronu thus ubtaiiicd is iinalysuil, liciw- 
ever, it is found to have the coinjM)sitiun C 7 lIi) 02 Cl, whieh 
cori'cspontls to a coinpjiund of one nioleeiile of (liriicthyl-pyrone 
with one niolecnle of liydiochloric acid. The Hubslance is not 
a chlorine-Hubsti tilted pyrone diuivative, but beliaves exactly 
like. th(' hydroclilorido of an oi'ganic base. Collie and I'ickle,^ 
who were tlie discoverer.s of lhi.s class of substance, pi^epared 
a series of coi)ii»ouiuls «)f dimethyl- pyrone with many of the 
common acids, lioth organic and inoi^anic, as well a.s metallic 
double sails; and from a study of their properties drew tlie 
conclusion that the oxyji'en atom wliicb forms the bridj^e in the 
pyrone nucleus has ba.sic jiroiHirties akin to those of a tertiary 
nitrogen atom. Thus, just as tiirtiary amines form ammouiuin 
saU.u, divalent o.vygeii compounds may unite wdth ucid.s to form 
tmmiiim mitr." The compound of diinethyl-pynnie with 
hydroc.hlui'ic acid would on this hypothesis be I'cprescuted by 
the formula — 

H C.l 


cjla.c 
II • II 

Jl.U C.H 

\ /' 

00 

Collio and Ticklo. Clwm. Soc., m<J9, 75, 710. 
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Thoujfli (liinetliyl-pyruiie coulsiiiis ii carbonyl grou]), it 
4 l(xiS not react with cither hydroxy lain inu or phcnylliydiiiziiie. 
This peculiar bchaviuur has led Collie^ to put forwiird the 
view that not one hut both the oxygen atoniH in the pyrone 
nucleus arc quadrivalent in the oxoniiini salts ; while in the 
base itself one oxygen atom is supposed to Ih^ always (piad- 
rivalent. On this view the formula) of dimethyl-pyrone and 
ile hydiociiloride would be written thus-- 


O 


(Jll3.(! 

! O 
II. o 





0 


/ 


ii.r. 


o 


H-O-Cl 




8 

(Ml 


This view of the iiyroiie structure i- supported to a certain 
extent by an exainiiiiition of the relr.ietive indices of [)yi'one 
derivatives which Inis been carried out l»y Miss Hoinfray.’-* 
Ln both of the iibove formuhe tlic peculiar reseinblaiKH) to the. 
benzoiioid typo is manifest, ami Collie has been led to suggest 
that the root-sal ishiuce of the pyrone class lias a structure 
which resembles that of iiyridine. T«; this hypothetical eoin- 
jK>uud • he Inis given the name “ “ as it is the oxygen 

analogue of benzene and pyridine — 

H II 


‘ 1 i 

C N O 
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0 

/ • 


y \ 

lie CJI 

lie CM 

lie eii 

II 

: II 

II 

HO (‘Jl 

lie (Jil 

Jie eii 


/ 

V 

(J 

c 

I'l 

n 

• 

11 

Benzoiio. 

l^ridinc. 

Oxulii 


* Colliu, Trans. Clinn. Stic., 1904, 86, 971; c/. Willstiittor and Pummeror, 
Hcr.j 1904, 3733 ; 1905, 88. 14G1. 

* Honifray, Trans. CJiem. Soc., 1905, 87, 1443. 

* This typo of lieterooyoliu ring is actually found in tho pyryliuin series. 

> Collio, Trans. CJtetn. Sue., 1904, 86 , 97^ 
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Diinothyl-pyroiie, iiiidijr the action of alkali, yields salts 
of ttii criolic form of dincotyl-acuLoiio, from which diacctyl- ^ 
acetone itself can bo obtained by atldiiij^ acid. 

This iutraketido derivative, diacetyl-iicidone, shows a most 
oxti'aordinary series of chaiige.s. On sUitidiiig in a <losiccator, 
it loses water and is rt»convorted into «liniethyl-pyronc ; with 
ummonLa it yields a pyridine derivative, lutiduue; in very 
weak alkaline solutions at ordinary temperatures it j)ruduc08 
a henzeue derivative which, in ])resenee of very sliglitly 
stronger alkali, ehaiiges to a naphthalene compound : — 


OII3 

CO 

(Ml -C— 

-CIU 

00 (MI3 




Oil 



Oiauctyl-ucutono. 


CI13 

00 (nia 

J 

00 

01 12 (JO (MI3 


(illj 

(J- 

Y 

OH -(J 

(MJa 

(JO OH3 
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II 




]}(!ii/.oiio (lurivativo 


(MI 

00 (MI 

(’() 

(Ml. (‘0 (MI3 

(Kuliouiu form). 

(ill, 

V 

-OH -0— - 

■OHjs 

(‘ CMj 

NtipJjlhaloiiu 


1 ! 



II 

diiri\ alive 


cu 

00 Cli 

(JO 

(’ (.!() rii. 

(Dikcloiiinforiii) 


liy the action (d animonia on the benzene derivative, an iso 
quinoline coni]H)und — 



on (ML. 00. Oil., 

is formed. 

Iteiurning to the dehydration of diacetyl-acetone, the use (»f 
acid rciigeiits pi'oduccs another Injiizeno derivative, orcinol — 


.. CH, , 

I 

•11 • \ 

CH.-ILO 


I 


/ 


.CO 
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r^irlihcr iHjsulls an3 obtained by condensing the polykctido 
I ot'ciiiol with acct(jacetic eater. The reaction product, after 
Jvydrolysis, is found to be diiucthyl-umbelliferone (I.) — 

<5113 



and when this cum pound is ti-catod with alkali and heated, it 
iindergues hydration and hw of carbon dioxide with the 
t'urniatiuii of a thymol derivative (ll.)* Ch-uinul also condnnsus 
with the polykethle derivativtt acetyl acetone, yielding a benz- 
pyrene cuinpound, the formula of wliii ti is given on ji. 258. 

An inteivHting euinpoiind, pseudo-orcinol, bridging the gap 
between the pyrune and benzene aeries, was discovered by 
Collie and Stewart. As can be seen from its i'ormiila, the 
wandering (»f a hydrogen atom will convert it into dimethyl 
pywjiie; whilst hydratimi, followeil by i-earrangenient anti de- 
hydration, yields orcinol. In practice, acid soliitioiis convert 
it into dimctJiyl-])yi'oiie, wdiilst alkali changes it to orcinol — 


Oil 


V.CIL OlL-d' 


ll(^ A'JI 


3 t 'Ji2= 


rii 


'"N- 


Ull 

Pricudo'orcinol. 


OH 


OH 
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O.CIIs 
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i'll 

nio oji 
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Collicf^ has obtained the diacetyl derivative of this snbstanoe 
by another method. When treated with acids it yields 
diacetyl-dimethyl-pyrone ; whilst alkali converts it into di-, 
acetyl-oininol. 

The foregoing reactions, of which a tabular scheme is given 
on p. 258, are sufficient to show tl^e manifold possibilities of 
the polykctide group. To complete the survey it is necessary 
to mention the ease with which the polyketides are hydrolysed 
to simpler derivatives. Dehydracetic acid is decomposed by 
either acids or alkalis; and, if the hydrolysis bo conducted 
under conditions which allow the intermediate products to bo 
isolated, the following stages ore observed : — 


CH,.OO.CJIs.O C.OH CIl 

II II +11,0 

-CH,OOOII 


IK) OK 

'^co^ 

Dehyilmcotio aci<l. 


^ 




\\on 

nh L 

\}(/' 

Triacotic lootono. 


Cn,.UO.OHg.CO.OIIs +H=o OIIj.COOH +OTI,.OO.CH, 

Acetyl-aculonu. >■ 


■ (Jolliu, Trmts., 1904, 86, 971. 



CH3.C(>.CH,C 
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Dliiaphiht.I^Cwipound rsoquiii..liiic l'onir.'utKl Th>mul Compound Umbelli»««nc ' Benzpyrene Compound 

(C,H,ON) 'C,^„0,) C^m,joii:id (CijHi/i,) 
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8. The, ItelatioM htiiiccoh the Carhuht/draieit and the 

PolyketuUs. • 

tPyrono is acted upon by metallic alcoholates with the 
formation of derivatives of bishydroxy-mctliylenc-acetone.^ 
The proper conditions for carryiiif' out a similar reaction witli 
a water molecule instead of one of sodium ethylate have not 
yet been discovered; but tho point is not without theorotical 
interest, as it suggests a means whereby sugars may be con- 
vertwl into polyketides and vice remd. Taking the case of 
pyrone iis an ('.xaniple, the following steges w«jiilil be in- 
volved : — 

0 

ri(j ('jii 


hi 

I’vroiifl. 


■H H/> 


II II 
II. (K ./fill 
\!<K 


UiHhydroxy-inolIiylono-aootoiio. 


(jllgOll 

+2irsO iio.ij.rr 

-> I 

II.C.OIl 

lio.lj.li 

UllO 

A pentoso. 

A reverse series of reactions would lead firoin tho carbo- 
hydrates to the polyketides and thence to all tho classes of 
compounds which were eniiinoi'ateii in the last section. 

Now, though it must be frankly confessed that up to the 
present our laboratory methods liave failed to bring about 

' WlllHtiitter and Vammoror, Jkr., 1905, 88, UGl. 
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either of these conversions,* there appear to be numetous data 
tending to show that many plant products are derived from 
polyketido cliains ; and since the cai'bohydiates form the most 
obvious source of polyketido derivatives it seems not un- 
warranted to assume that reactions similar to the above do 
take place iu plants. If we do not make this assumption, we 
require so many different postulates in dovising syntheses of 
vital products tliat the matter becomes extremely complicated; 
whei'cns by granting tlie possibility of polyketido pmluction 
it may bo rendered very simple. 


9. The Carhohydfi'ateet PolykeHdes, avd Benzene Derivatives, 

fTho aromatic series is strongly reprcsenteil among plant 
products ; and it seems evident that the source of the vegetable 
bensene compounds must be sought in the carbohydrates and 
celluloses of the plant. The formulss below indicate how 
bomsone derivatives might bo produced direct from the carbo- 
hydratob by means of simple dehydration followed by intra- 
molecular rearrangement. Only two examples aie given, as 
they ore intended as illustrations and not as a complete list of 
possible changes. The groups involved in the dehydrations 
are printed iu heavy type to make the matter clear. 

* One fproat dilfioulty in tlio \ray ifl the oaso with which open-chain doriva- 
tives of the polyketido series ore h^rolysed in presence of alkali or acid. 
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HO-Ofla 

CHaOH 

h-g-oh 

HO-CH 
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HO -C-H 

1 
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H-C- OH 

H-C-OU 

HO 6 H 

HO C-Il 

H-C on 
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j 
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0 H 

II 
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1 
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1 
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II 

(1 -11 

II 

II 
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(J OH 

C--11 

II 

11 
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0 OH 

^f 
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HO— ^ Y OH 

u 

1 

^-CH,OH 

1 

k' 

1 

li 

Oroinol dorivativo. 

Ortho-dorivativo. 

■ 

tif the iiroduotiou of polyketides from the carbohydrates 
be assumed in order to sinipUfy the formulie, the following 
scheme shows how unsaturated side-chains attached to benzene 

nuclei could be formed by dehydration and rearrangement : — 
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CO 

I 


CII, 


CO" 


CO -ClIjrCO-CHj 
>'ns 



fi'uiii -nliich, liy oiizymatic reduction, nil ol' auethol 

would 1)0 formed. 

t The prodiKitiuii of aiitliriioeno deiivutiveH could be 
liccouiited for in n similar mangier : — 



10. The Formation of Pi/roncft awl Pyridines from the 
Carhohydrntes. 


The relations between the ^lolykotidcs on tlio one hand and 
the {lyniiio and pyrhlinc derivatives on the other have alreiuly 
been ex])laiucd ; so two cxain])ies will Ih; sullicient to indicate 
the jxMsibility of a direct passage from the carbohydrate seiiee 
to Uie two hetci'ocyclic groujis. As before, the atoms involved 
in the dehydrations are printed in heavy type. 


H OH H OH H OH 

110 -Oil dll d(OH) - CH (!( 0 H)— CH— B 

- 311,0 - HC/ \c-CH,B 

•> I II 

HO-CJH - -OH C(Oft)--OH C(OH)=OH— B ' /OH 


3H)--C 


+ nh, 


- NH 

OH Oil 0(0U)-0U 0 


. 0 , 

Hc/^%0— CH,B 
h!:\c/Jh 

iH 


-CH-K 
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11. TVttj Gcrum of Sonic Plant IHtjmenU, 

■ 

The fact tluit many of tlm important plant colouring 
materials belong to the pyronc group suggosta that they may 
bo (loiivcd from pulyketido cliaiiia and bonce, indirectly, fruni 
tbe celluloses. In the simpler colouring niatlei-s the coiinuc- 
tioii is almost obvious from an inspection of the foriiinlic ; and 
one example will suflice. Tlie ciuse of clieliilonic acid may be 
chosen, and its possible derivation from a heplose aec-oauted 
fur by the usual processes of dehydration and oxidatiun— 
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O.OH 

IjOOII 


1 
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The benxo-pvrono sroun can 1)0 accounted for in a siiuibu 
manner. 

In the case of the antliooyanins, the roaction may bo traced 
directly back to a carbohydrate chain without itxiuiring the 
intermediato foniiatiun of a polyketide derivative at* all. An 
examination of the formula of cyanidin, C| 5 H| 20 e, shows that 
it might be derived from a civrbohydratc having the composi- 
tion CislIgoOij) by the alistraotion of nine molecules of water ; 
and from cyanidin the corresponding authocyanin is produced 
by the action of glucose. From the cyanidin, also, quercetin 
may be formed by oxidation ; so that such a synthesis would 
open the way to*tho flavono scries as well. 

The following foimnlin show how, by simple dehydration, 
it is possible to imagine the production of cyanidm from a 
carbohydrate of the structure CHjOH.(CH.OJI)j8.CHO. In 
order to make the steps clearer, the atoms eliminated by 
dehydration are printed in heavy type— 
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Cyanidin. 


It is unneoGssary to give fniliher examples, as the reader 
can easily work them out for himself if he is interested in the 
point. 
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12. The AUcidoidal SkcUtoTis, 

% 

With rogiird to the formation of the alknloids, two vie^s 
aro passible. In the first place, the alkaloidal skeleton may 
be supposed to come into existence diiectly by the action of 
ammonia upon a long carbon chaiu derived from the celluloses ; 
or, secondly, we may assuiltu that the celluloses and proteins 
break down into smaller molecules which then take part in 
piecc-moal syntheses of the larger alkaloid groupings. In 
either case, it will be scon that the production of alkaloids is 
to be rogarded as a dowii-ginde reaction. 

The formiitioii of tropinone furnishes a esisc to wljich both 
methods aix3 applicable ; so it may be given here as an ox- 
ample. 

Let us assume that among the degradation prockiets of 
cellulose a metbyl-hexose-amine is produced. Tliis will have 
the composition 07lfi50cN'. Now nor- tro2)i none (i.c. troi»inone 
without the methyl radicle uttardied to the nitrogen atom) has 
the composition C^lljiUN. Tiio diileioiice between the two 
formulm is H4O4; fiYinL which is is cluai* that dehydration 
alone will not suffice to pass from tlie one compound to the 
other ; reduction to the extent of four hydrogen atoms is also 
necesstuy. 

The ste]>s in the conversion may be represented as 
follows : — 


OIIO-CII (JllOJl OUC-OH— OHj 

ilns 


CHOU 

OH,— CHOII AllOll 

HOUH-UH-CH, 


I I 


L; 


NH CO 

Ah-Ah, 


NH 0 


CO 


HOCIJ-CJH- 




Nil, CO 

I 

Oil, -CO oil, 
OHC—Cll - OIL 

Ah Ao 
hoch,-Ai(-Ah, 


OUO-OH CH, 

-> Jth, Ao 


I 

ClI, -C(OH)--CH, 
OHC-OH-OH, 

All Ao . 

OH, -A — Ah, 


All the dehydrations and rehydrations involved in tlic process 
have not boon indicated in the fdnuulse, as by this time the 
reader is probably sufficiently expert in appreciating the 
method to dispense with some of the steps. The last stage 
shown above consists in a reduction of the dihydric alcohol to 
.k hydrocarbon grouping, which accounts for the four extra 
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Iiyilrogon utAJiiiR alroady nieutioucd. Haviug thus reached 
nor-troifluone, luctliylatioiL witli formalduhydo would account 
Igr the production of trojiinoiie itself. 

Of cr)ur8c the order in the above series of changes might 
be varied, some of them coming earlier than is shown. The 
incthylation of tlie nitrogen atom, for example, might take 
place much sooner than has Ijcoii assumed. 

Kobiiison^ lias put forward a series of suggestions as to 
the niannor in whii'h niuiiy of the familiar alkaloidal skeletons 
may he produGr.d by using comiiaratively simple reactions ; and 
Ids papier should be stiidicd by all who arc iutei'ested in the 
ijiiestion. Unfortunately, it would lose by condensation, so 
(iaiiiiot be dealt wdth here. In it examples aro given of pos- 
sible lines of syntheses in the pyrrolidine, piperidine, quinoline, 
and isoquinoline groups of alkaloids. Two reactions only are 
demanded as essential to the format ion of the skeletons : the 
aldol condensation ami the similar leaction between carbinol- 
amincs [containing the grouping II 2 : (^(OH) . N : ItJ and com- 
pounds containing the radicle : CH . Ct). 

As an example of the method, we may choose the synthesis 
of Iropinone — 

NH, . CH, . (JH, . CH, . GJI(NT[,) . (X)OII + 211 . Cll : O 
Motliylation and j oxidation. 

CHO CHs.Ull, Clio + 2^11,011, + CO, 

Condoimatlon 

cn,.cii(oii} cHj.coou 

N.Cll, + CO (Extra roapniit.) 

cu,.cH{ou) ciig.couir 








CHj CH CU.COOH » 

Ao 


CH^ 


-OH- 


L ^.CTI, 


-2C0, 
• -> 


CH . coon 


CH, CH 


-CH, 


i.CHa Ao 


' HobiuMon, (Trans., 1917, 111, 87(i, 
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Itobiiisuii’s syiithcsis of tropinoiie (see p. 124) lias shown that 
reactions of the typo i-oquii’cd by his views (uiii aotnally take 
place ill practi(H3 under oidinary conditions. • 

flleturning to the idea that the cellulose chain, via the 
polyketides, afTords a source of alkaloid inalorial, an example 
may be ^iven of the course whiiih the synthesis of pa[javorine 
might be ex[N3Ctcd to take. In the iirst place, it must bo 
pointed out that by the usual prueoss oi' dehydration and 
nihytlratioii, it is possible to jiass from tlie grouping 
R. CO . CHj . CO — to the ari-angement R . OHj . CO . CO--; 
luid also tluit the formation of methoxyl radicles and mothyl- 
enc-ether groiqis may be sujiposed to take place by the action 
of formaldehyde : — 

R Oil + 2 CII 2 O = R O CII 3 4- II. coon 

\i. (1 on U C- -O. 

II ():CIl2 = ii >CIl2 + IlgO 

I* (j oil K-. (j Q/ 

The outline of the papaverine synthesis is given on the next 
page. 
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i*apBVcrine. 


13. Tkc Natural Syntheses of Pyrrol DeHmUves, 

The importance of the pjrrol compounds from the stand* 
point of natural processes has already been in^cated in an 
earlier chapter. The assimilative machineiy of plants is bound' 
up with chlorophyll ; whilst hiemine plays an analogous part ^ 
in the cose of animals : and both these substances are built up . 
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on a basis of pyrrol rings. In addition to them, numerous 
other pyrrol derivatives are known to occur in the ^Yroducts of 
\'egetable and animal metabolism: tlie pyrrolidine alkaloiik 
and the bile acids are cases in point. It is therefore desirable 
to indicate here how those substances may lie produced by 
vital reactions. . 

The carbohydrates probably form one source from which 
materials are drawn for pyrrol syntheses ; wliilst the nitrogen 
may be supplied either from ammonia nr iiidiiocily from the 
proteins. Assuming the presence of a sugar and ammonia, the 
synthesis of a pyrrol derivative may be accountiHl for by two 
deliydration reactions thus — 

OH,OH C1I,0H CH,011 


HO . OH- CiEI . OH +NH, 

H,0 

HO. OH — OH. on 
(Iho 


no. OH dHv 

I >nh 

HO.CH OH' 

(Iho 


-aH,o 


HO. 


HO 


0^ 


i: 


IHO 


Ij'rom a pentose, of course, a pynol with a single aldehydio 
side-chain would be produced. 


14 . Bmnck&l Cliainn and TerpeTie Ctmpomds. 

Hitherto we have confined our attention to carbohydrates 
in which the carbon atoms form a straight cliain, but it seems 
desirable to indicate how forked chains may come into exist- 
ence, as compounds of this tyjie occui* naturally along with 
straight-chain substances. The formation of apiose may bo 
taken as an example. Its composition is O5II10O5, and it 
might obviously be produced by the aldol condensation of five 
molecules of formaldehyde in tlie following manner : — 


CflsO OH2O 
CHaO. 

OHaO 


no.OH2\^naOn 

r 


CH.OH 

I 


• CHaO OHO ApioHo. 

.«Xt seems difficult to imagine how apiose can be synthesized 
naturally in any other way. 
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Jiut if tills be "niiitcd, it becomes clear that terpone 
( skeletons mi^ht be produced by an extension of the same 
scries of condensations. T\t^o possibilities are open. In the 
first place, two apiose nuclei may condense together giving the 
substance ([.) which by reduction may be transformed into 
an olcfinic torpenc derivative (II.); from this, by intra- 
niolcculav change similar to the gorauiol-terpinool rearrange- 
ment (see j». 99), a terpeno derivative miglit lie formed. Or, 
altcrnativLdy, ten molecules of formaldehyde might condense 
together to produce a douldy-linked apiosit ebain (Ilf.) from 
which turpmics might I)e formed by reduction. 
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Tim particular terpimo derivative formed would depimd on the 
stage of oxidation of the original opcu-chaiu compouml in tlie 
second case and also upon the position of the double bomls in 
the open chain. 

Another possible line of synthesis of the terponcs is sug- 
gested by the production of a thymol derivative from the con- 
densation' products of orcinol and aceto-acetic ester (see p. 250). 
Since the ondnol and the accto-a&'tic ester arc both obtainable 
from polyketidc chains, and hence possibly from carbohy- 
drates ; and since the thymol compound thus prnduced maj be 
supposed to bo rediioiblo to a terpene, ibis line of thought 
leads also from the oarbohydi*ates to the terpene group. 

Finally it may be pointed out that a terpene CioUio could 
be derived inim a carbohydrate CiiHuOu by the removal of 
four molecules of carbon dioxido and six iiiolcculeB of water. 
In this case it would be neceesary to assume as an inlermcdifiite 
compound one of those unsaturated odds which tend to lose 
their carboxyl radicles spontaneously. 

Other reactions which might lead to the formation of 
a forked chain arc the condensation of formaldehyde with a 
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Straight sugar chain and aubsetiuent dehydration of the aldol 
thus produced; or the peculiar reiiriungemcnts in the sugar 
group ohservod hy Kiliani,^ whereby, under tlio atition of lim^- 
water, the group (1.) is transformed into (11.) : 

— OII.OTI— CH.OH— GU.OFI— Clio > -CII . OH-G(OH)-CCOH 

(I.) (H) 

or the nnalogouH heiizilic acid change. 

1 5. 7%/! For-hiatim of thi FalJi. 

For the production of iats in tlio animal body the carbo- 
hydrates absorbed as food form the must pmbable source. 
We have already .seen that sugars may bo converted into 
piilyketidi) chains by dehydration, so it is not necessary to give 
these steps. Wti may commence with the ])olykcti(le ohaiu 
shown in (I.) ns an exiimple: — 
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stiU'ting-t}olnt the group (I.) and con 


vert it into the eiiolic fonn (11.), we can then add a molecule 
of water on to the double bond to form (III.)* 'I'his siil)stance 
could then be dehydmtcd to produce (IV.), to which water 
might be again attached, giving (V.), in which two hydroxyl 
groups are attached to the same carbon atom. This compound 
would lose a molecule of water, leaving (VI.). 

t A compan'son of the formula (I.) and (VI.) shows that the 
whole process implies a wandeiiig of the hydrogen atoms to 
the lower end of the chain, and a corresponding migration of 
the oxygen atoms to the other. This purely theoretical series 
of actions could then be rei^ated, and the final result would 

' Kiliaiii, Ber., 1894. 17, 1302; 1905, 88, 2068; 1908, 41, 158, 4G9. 
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be a loss of carbon dioxide from one end of the chain, and a 
building up of an aliphatic chain at the other end. Some such 
process may take place in the living organism during the 
formation of oils or fats,* and the liberation of carbon dioxide 
in respiration would be explicable in the same way. 

Evidence in favour of tliis conception of tho formation of 
fats from cai'bohydralos is obtained when the results of the 
reverse process are examined. In the disease pentosuria, the 
body fats ai'e broken down and converted into sugars. Now, 
if this process involved the decomposition of the fat, with 
subsequent assimilation in tho organism, then a synthesis of 
the pentose and, finally, its excretion, we should expect to find 
iliat the inaotive fat had been (ionverted into an optimUy 
active sugar owing to the intervention of the asymmetric 
components of the body tissues, etc. On the other hand, if 
the fat is converted direct into the sugar by tlio converse of 
the process sketched above — Le. if the process involves a mere 
passage from Stage VI. to Sts^^ I. — then, owing to the con- 
tinual formation of enolic forms and consequent loss of 
asymmetry, the products of the fatty decomposition would 
not be active. In actual practice it is found tluit the arabinose 
excreted by patients sulfering from pentosuria is the racemic 
form^ of tho compound; and this notwithstanding the fact 
that tho organism is (piite capable, even in that state, of de- 
composing /-arabinose if this sngar be given in food. It 
seems evident, therefore, that the arabinose excreted by such 
patients dannot have passed through the ordinary chaiinds, 
but must have been produced directly from fat by some simple 
reaction such os is shown above Further the occurrenci^ of 
oceto-acetic acid and acetone along with sugar in the mine 
of patients sulfering from diabetes proves that polyketide 
derivatives make tlieir appearance during tlie disease. 

16. Syntheeefi and Degradations of the Proteins, 

In the foiogoing sections \fe have de^t very fully with the 
carbohydrates and their possible mutations ; so tliat it will be 
necessary to devote only a small space to the proteins, that . 

* Or wax iu the case of bees. 

> Nenboig, Bsr., 1900, 88, SS48. 
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second groat class of up-grudo products of the vital machineiy. 
Fischer’s researches on tho i)olyi)cptidos ^ leave little doubt 
tuat the protein molecules contain long cliains of amino-acids 
coupled together in the form of amides; and it remains to 
suggest methods whereby such substances could be synthesized 
from simple materials within the living organism. 

As in the case of the carbohydrates, our knowledge of the 
initial steps in the process is incomplete. Nitrates appear to 
be assimilated by the plant and reduced to nitrites ; but un- 
certainty exists as to the further fate of the nitrite when it 
has been formed. Tho most suggestive experiments on tho 
subject appear to be those of Ikudiscli.^ On expjsiiig potas- 
sium nitrate to diffused dayliglit, he found that it was reduced 
to potassium nitrite. Under the same conditions, potassiupi 
nitrite, when mixed with form.'ildehydc Or iiietliyl alcoliol, 
became converted into hyponitrite and then, by tlio action of 
more metliyl alcoliol, was changed into the potassium salt of 
formoliydroxamic acid : — 

CH 3 OH + KNO 2 = 110 . on : N . OK + IfjO 

Prolonged exposed to light I'esalted in a further niduction, 
ammonia being formed. 

According to Itaudiscli, ammonia in plants is oxidized by 
oxidases or by ultra-violet light, and the resulting product 
combines with formaldehyde to form aci-nitroiriethane wliich, 
being a reactive subsbiuce, takes ixirt in vegetable syntheses. 

If wo assume the presenoe of funmonia and carboliydratcs, 
however, the furtlier reactions may be formulated in otlier 
ways. We may postulate that tlic lirst slcji in the synthesis 
of the proteins is the production of an amide. We arc faced 
with a certain dilliculty; for it is clear that iui inversion of 
some kind must take place in oi-dcr to convert the group (1.) 
into the gi'oup (II.), which entails the traiisicreucc of tho 
nitrogen atom frotn one ciirbon atom to the next 

-CII2— CO— NHj -CH-(JOOH 

I 

Nllg 

(I.) (II.) 


* See p. 1H4. 

» Baudikh, Ber., 1911, M, 1009. 
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t Such lriiusrcit;ucu.s oru ({uito possiblu on lines with whicli we 
jU'e iilrewly fumlliar. Tlie following' symbols show tlie uppliea- 
wiuti of tiliu piuucuiiu I'earrungemcnt to the problem — 
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Aiiolhor met-liod 1)y which Ihe transici'ciiec of the mti-ogen 
atom to the iieighbonring ciU'hon might be Hccomplished is by 
the temporary production of ii tlii'cc-membered ring which, 
as soon a.s furiiied, iiiiglil ojmsil up again in a new place. In 
this way tlie reaction i.s mliiceil to tlie simple siiblractioii and 
leaildition of a molecule of water— 
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The production of the original amide i'adicle may bo 
attributed to the formation and partial liydrolysis of a cyiui' 
hydrin of the sugar; for hydrocyanic acid is known to be 
fonned in plants in quantities sufficient to ^ield the required 
cyauliydrins. 

Much more probable than cither of| the above suggestions 
is the following, which is based upon an observation of do 
Jong ^ in the case of pyruvic acid. When ammonium pyruvate 
is mixed with iiyruvic acid the reaction takes the following 

* Do Joug, live, trav, ehim., 1000, 18, 360; 1004, 88, 181. 
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course. lu tlio first pliice the two pyruvic molecules (T.) react 
with ammonia from the ammuiiium salt to form an imiiio 
compound (II.). This substance then loses water, and forms 
the lactone (III.). A molecule of water is then taken up aii'd 
carbon dioxide is split off, yielding the siibstance (IV.), which 
immediately eliminates another luulucule of water, producing 
a-acetyl-nmiuo-pi-opionic acid (V.) — 


COOJl OOOil COOIl 

cu,J'o +NH, (iiij.iic 


+ NH, 
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!(OJI) -11,0 OH, .c O 
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Nil Nil 
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Xuw it will be such llml this miction leads to the tbrmatiou 
of the type of amino-acid most common among the pi\)lein 
deiivatives — tlio u-umiiio-aciil ; for the acetyl gmup could 
easily lie hydrolysed away by eii/.ymo action. 

Tlie application of tin's to more complex ciiscs is nut 
dillicult. It will be inmembered that in the section dealing 
with the formation of fate it was pointod out that a very 
simple process would lesul finiii the carhohydralcs of the 
type R— CH.OH— CU.OII— Cll.Oll-^Ull.OH-GIlO to 
derivatives of th^ structure U — OH2--OII2— 00 — CO — COOH. 
Oxidation of the latter would yield homologues of pyruvic 
licid, the number of carbon atom& iii the group U depending 
upon the length of the caibobydratc chain wliich servos as u 
raw material. Once those pyruvic acid derivatives have been 
produced, there is 110 reason why they should not undeigo do 
Jong's reaction and form the corresponding a-amino-ucids ; 
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and in this ^vay tho raw materials for polypeptide and proteiiL 
syntheses inif^ht be produced.' 

Ill connection with tho protein syntheses, another point 
of interest arises, though it must bo classed as a purely specu- 
lative one. If two molecules of formaldehyde could bo in- 
duced to condense together in the following manner, keten 
would be formed; and from this, by polymerization, chains 
of polyketidcs iniglit be formed : — 

fljCiO + liaO:0 = UgO + CflaiCrO 

Now, similarly, we miglit devise a synthesis in the nitrogen 
group— 

NH 3 + (U0)2CI:0 = 2 llaO + N11:0:0 

This compound is, of course, isoinoric witli cyanic acid. 

fFor present purposes, however, our interest in it arises 
from the fact that it is obviously the nitrogen analogue of 
keten — 

CHaiCiO NH:C:0 

and, from this similarity, wo may term the oomponnd aziko- 
ten. Now Just as keten can polymerize to long chains wliioh 
then add on water to form polyketidcs, so aziketen should 
polymerize and hydrate in ortler to piuduce the simplest type 
of polypeptide — 

NII 2 CO-NH - CO NH CO NH COOII 

t It is at this point desirable to bring tho matter into touch 
with actual practice. If wo oxaiuine the formula of uric acid, 
it requiins no great stretcli of imagination to recognize that 
tho purine compounds are derivatives of this tyjK) of poly- 
peptide, prolKibly produced from the open-chain coiiipouud by ' 
reduction accompanied by ring formation — 
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Thus the break-down of the sugars into the various 
, p For othor BOggeBtioiis soe Ilto und Hill, Ohetmalry of Plant Prodiuet$t 
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aromatic and pyrono derivatives would find its analogue in 
the formation of the uric acid derivatives from the proteins. 

t Another suggestion os to the production of purine deriva< 
tives by vital processes may be put forward. In the break-* 
down of proteins, amino-acids of the type R — 011(^112)— COOII 
are formed. Now in the oxidation of these, it is possible that 
the liydrocarbon chain It is burned away first, leaving behind 
the potential — NH . CO — portions, whicli may then unite to 
form uric acid and its derivatives. 


17. Condusion, 

In this chapter an attempt has been made to sketch certain 
^methods 1)y which natural products may possibly come into 
existence in the organism, but it cannot be too strougl;^ om- 
pliasizcd that they are intended merely as suggestions and not 
as dogmatic attempts to settle the problems involved. If tlicy 
have brought to the notice of tlic reader the questions which 
arise in this branch of chemistry and liave inspired any desire 
to go further into the matter, they have amply fulfilled the 
object for wliich they were written. We am at prosuut far 
from a definite knowledge of how the vital macYiino carries 
out its work ; but if the ideas collected in the present chapter 
induce tlio reader to speculate for Iiimself on the subject, he 
will find a most fascinating field open to liim. 

One point whicli certainly comes into prominence in the 
foregoing pages is the fact that, by a series of hypothetical 
dehydrations and rehydrations, it is easy to see how very 
different types of grouping might bo produced. A system 
wliich is capable of accountiiig for the production of such 
widely vjuying matorUls ns benzene derivatives, pyrrols, 
pyridine derivatives, py rones, anthocyaiiins, fats* and alkaloids 
has evidently something more tlian mere plausibility behind 
it. We are not yet able to carry out these changes in the 
laboratory, except in the case of tho polyketido derivatives; 
butttit will be suiqirisiug if sooner *or later some experimental 
evidence is not found to bear out much that has been advanced 
in tlie preceding sections. 

t Should tho reader wish to pursue speculations in this 
> fidd the following questions may serve to guide his attention 
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to some hitherto iiiisnlvod problems. The fatty acids of the 
acetic series are quite common in nature, whilst thoir hy- 
droxy-derivatives — with the exception of lactic acid — are 
hardly represented at all. Why should this be so ? Why do 
all the important sugars and stiurches contain a chain of five or 
six OT a m nitipk of fim o?* six carbon atoms ? Why are the 
majority of the amino-aeids obtained from the pretcins the 
ri-amino-acids ? Why are tho ortho- and meta-derivatives so 
strongly represented among naturally occurring benzene de- 
rivatives, whilst the majority of the terpencs Jire derived from 
7)arM-cymenc ? 

t In the ease of such broad generalities there must surely 
be some sinqile solution. The mirioiis thing is — nr)t that the 
answers to these fpnistions are omitted from the oiilinary text- 
books, but rather that tht* i{ueations do not appear lo have 
suggested tliemselvos to the writers at all. 



(JirAlTEIJ XI 

TRIVALKNT CAl!UO>f 

1 . Tri phenyl nu‘/h/L 

Anvonr who glancofl fchrou^h tlio Jdiinials of tlio ohoinical 
world fur thu hiHt fow yt^ars inusl. ht; Htriiuk by this onormous 
• production of new coinpoiiiidR wldch is at ])rORcnt goin^' on; 
and, if he 1*0110018 at all, ho will ho driven to ask hiinsidf what 
criterion should bo applied in order to distinguish the ii;ally 
important substances from what wo may term tlio hy>])roducts 
of syntlu'lic duuiiistry. (Jlearly the oidy fate which can 
overtiike the majority of IheHo now coni])ounds is that their 
dossiers will he “neatly tnckt^il away in ISeilsioin, the Abstracts 
published by the various CIioini(^al SiM'.ietios, or in other e(|ua]ly 
convenient depositories of information.” They will roiiiain 
at best in a dormant condition, waiting llio lime, when some 
Analof/if-arhnt no«X'ssitates a knowledge, of their ])i’o]Hirties. 
On the other liand, tho.so now lH)die 8 which have any interest 
apart from their nielting-}M tints soon become ccnti'O.^ of mtw 
reHoaroh; and the more, important of them usually leiul to 
investigations c.\teijding Car beyond the, constitution and 
properties of the original (Mtiupoiiiid. For exanipli}, the 
roHoai'clies which inoi'o than a generation ago took their rise 
in the constitution of acoto-acctic e.* 4 Ler have not yet reached 
their final sta]^s. 

This I'aniilica^ion of intci'cst has seldom been so strongly 
marked within reeimt yeara tis in the case of the substance 
teniied triphcnylmethyl ; and it is the rapid evtonsion of tlic 
field of research in tliis division of tho subject which makes 
any treatment of the triphenylmethyl piobleiiidifiicuU. Ln the 
present chapter, it will be necassfiry to confine ourselves as 
far as possible to tlie tianow ([ucstion of tbo crtnstitiition of 

*79 
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triplienjlmethyl anti only to touch lightly upon the wider 
([iicstinns which ar^ closely bound up with it. 

Tliu discovery of triplienylmcthyl resulted from an attempt 
to jireparc hexaphcnyl-ethane, which was made by Gomberg ^ 
in lUOO. He allowed ** niolocnlar silver to act upon triphenyl- 
bromo-inuthaiie, and obtained a compound which he naturally 
supposed to be hexaphenyl -ethane ; for the reaction would 
Tioriiially have taken tlie course expressed in the formulse 
])elow — 

2 (CeirB) 3 C . Br + 2 .\g = (C,Tr6)3(J-C(G6lf5)3+ 2 AgBr 

On analysis, liowcvcr, the substance is found to have about 
0 j>cr cent, too lilulo carbon to agree with the hexajdieiiyl- 
ethane formula ; and further examination showed that it could 
not be a liydrocarbon at all, bnt must contain oxygen. 

This oxygen might liav(i been introduced in either of two 
ways : it might have been imported Miroiigh the silver used in 
the n^action : or it might have been dcriv(td from the air. The 
experiments were thnn'foiv. repe»ited, other metals, such ns zinc 
and meruury, being used instead of silver; and still the resulting 
substance w.'is found to lie oxygenated, l^iom this it xvas clear 
that atmusplicric oxygmi wits the source of Die oxygon in tbo 
cnd-jjroduct ; and further exiioriTnents w(no made in wliich 
piv.caut{ous wore taken to exclude air fiioin tliu apparatus. The 
end-product in this ease dirTcred from that wdiich liad proviunsly 
been obtained ; and on analysis it was round to have the com- 
]M)silio]i cprreHponding to hexaphenyl -ethane. 

An examinalion of its proinn-ties, however, hronght Gomlieig 
to the conclusion that the snhslaiiee wliich lie had obtained 
could not be liexaphunyl-otliuno; foi he bail cxpi'cted tliat i<hat 
body would lu^ an iixtreinely stable compound, whereas Ids 
synthetic hydrocarbon w’as very reartivo. 

At this ])oint wo may give a remmv of the chief proiiertios 
of the liydrocarbon. Wheh iirst prepared, it is a colourless 
crystalliuu solid, which dissolves with great n^adiness in most 
oiganic solvents, giving ye1,1ow solutions. Even at zero it 
reacts with ioiUne to form triphcnylmothyl iodide. Exposure 
to the air even for a short lime is snfTieient to transform it' 

■ Gombarg. J. Amn. Clinn. Soc., lilOO, S2, 767 ; Bfr., lUOO, 88, 3150. 
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into a peroxide ; and Gomberg^ has been able to prove thattliia 
same peroxide can be produced by the action of sodium peroxide 
on triphcnyl-chloro-methane (but not by the spontaneous 
oxidation of tiiphonylinethyl chloride or of triplicnyl carbiucfl 
under the same conditions). From this wc may deduce that 
the peroxide has the constitution— 

(CeHfi)3C-O-O-C(0eTI|,)3 

The hydracorbon forms double compounds^ with ethers, 
esters, ketones, nitriles, or aromatic hydrocarbons (and amyleue), 
the composition of tlieso substances corresponding to one mole- 
cule of ether (or of the other substances) plus one molecule 
of hexaphenyl-ethanu. Oomberg ascribed the formation of the 
oxygenated derivatives to the change of thu oxygen from the 
divalent to the quadrivalent condition, and foriniilatcd tlio con- 
stitution of the 8ul»staiicos generally as derivatives t)f tlic 
following types: — 
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/ \ 

If 


li {’((!, iTb), u 

'' / \ / 
(':0 (!:0 

/ \ 

If f!r‘!«IU)s IfO 


It.f! N 


The fact that those substances aro actually compounds and 
not simply mixtures in which tlie ether or other body is 
held iiiechanically is proved by the fact that similar compounds 
are formed with carbcjii disulphide and chloroform, and these 
latter bodies can l)c boated to 110 ** C. in a stream of carbon 
dioxide without giving up their full content of chloroform or 
disulphide. Witli sodium, the hydibr^arbou fonns a brick -red 
compound ® having the formula (03115)30 . Na wliich is very 
reactive. ^ , 

Them is one further point to which we must draw attention* 

' (romtiorg, Bor,, 1900, 88, 3150. 

< Jhifl., 1906, 88, mu, 2447. 

’ Sohlonk and Marcus, Rer., 1914, 47, 1004. 
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though it does not directly concern the hydrocarbon. It has 
been flliown ^ that tho halogon salts, such as triphenylmethyl 
chloride ((JqTT 5)3C.CJI, and triphenylmethyl bromide ((j0H5)3CI.Br, 
whtm dissolved in solvents such as liquid sulpliur dioxide 
whicli have strong dissociating pow(ir, havo conductivities very 
nearly equal to that of mcthylainino hydrochloride. This 
provi 3 s lliat in the yellow solutions obtainod in this way, the 
compounds an! sjdit up into two ions, one of which must be 

Ki-om the datji whu'.li wo luive given in tho preceding 
])aragraphs, it is <*.loar that the problem of the c<»nstitnlion of 
(lOiulKsrg’s syntlietic hy<lrocjirhon ojions up a wide field for 
s]Hu:ulalion ; ami niimerous attempts have iieoii made in recent 
yesirs to discover tlu' solution. Four views have at one time 
or another gsiLued a cortnin amount of siip])ort, and we .nhall 
deal with these iu turn in tho following .sections. 


2 . TVic Trivaknt Carlton Hifimtliem, 

The re.-ictions of hi.s synthetic hydiX)c.'irbon — whi(?h wo may 
for tlio s.tl\e of convenience term tri phenyl melliyl- IimI (loin* 
bcM’g^ to fill! forward the view that tlie substiinco contained one 
I'jirlion atom atliudiod to llm'e phenyl radicles, luit having no 
foiirlh radicle attached to it: — 


C.IJs <! 

The fourth valency of the carbon auim may be. supposed t - ha 
fiiMi, or to be al»aorb(jd by the n^sidnal valency of the threo 
f)lieny 1 group.s. This eonceptioii of a trivuleiit carboii atom is 
really not st) extraordinary iw it seem.s ; for we might consider 
tliat ethylene derivatives cOiiUun two adjacent, carbon atoms of 
tbis type, instead of writing their structural formula) as wo 
usually do with a double lM)nd between tho two unsaturated 
carbons. 

} Waldoii, /ier„ 1902, 35, 2018 ; Goinborg, ibid., 20-15. Comparo Ooiiiliorg, 
Ibr., liJOTi, 38, 1842. 

= Goraberg, J. Awf-r. Sue., IJKX). 88, 757; Her., H)00, 38, 3160. 
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In favour of this cnnstitntinnal formula for triphenyl- 
methyl wo may urge the evidence derived from tho reactions of 
the substance with iodine and with oxygen, both of which can 
be expressed quite simply : — • 

1 (CJlnV'.I 

+ I = 

o o 

+ II = I 

(<'«ir5)a() 0 o 

And wc liiight iilso adduce tlie Him])UcLty of llu^ i'ormiil.'c for 
the dniihle coinpounds of iri phenyl methyl with ethers, kotoues, 
nitriles, etc. 

All that tliis aiiiuuuts to, however, is that wo can c!!k press 
these loactinns in a stniiglitforwaiil manner on tlie assumption 
of trivalent carbon.* If we can evpioss them equally con- 
viiiciugly by means of a, ibrmula containing mily qiuidrivalent 
atoms, then wc should 1)0 entitled to reject the trivalent 

carhoii view as adding an iinneressary assumption to our 
usual ones. 

Riit thiire aiv facts which confliet with the trivalent carbon 
view. (JomlMM'g and Cofic' have sliown that the, three j»]ieriyl 
radicles do not possess ide.nti(*4i1 ]m)perti(!H, as tlnty should do 
if the substance actually had the triphenyl methyl Htructiia\ 
We lUHid only ouiliue their pi’oi'f here, as wc shall* have lo 
relnrii U) it in a later si*e.thm. Uy stibjecting para-ro.saniliiJO 
to Sanrlineyer’s rx^action they obtained tri-/»-bronu)-trip]M'nyl 
carbiiiol, which, by the action of hydrochloric acid, was trans- 
formed into tri-;)-bromo-triphenyInictbvl (diloride- -- 

* Kalb 'incl liuycr (/jVr., lUja, 46. !IH79) ataito that 2, G'-diplicnyltbioiiuligo 
whitn (T ) (liniiociatiM jn Holntion Into two fri>R nuliclos ohoIi containing trivalent 
carbon and baving tlio strucluro (IJ.) — 


/;() 

'\s/ 

/C:o 

^,s / i 

c.ii. c,n, 

0,11. 

(I.) 

(II.) 


■ C4ombcrg and Cone, Ih r., liJOG, 80. 3274. 
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When tills substance was treated in tlic usual way with silver, 
it gave a substance analogous to triphenylniothyl. This new 
compound formed a peroxide just as triphcuylnicthyl docs, and 
therefore (if the trivalont oarlMiii idi‘.a be (ioirecl) we may safely 
assinne tliat it is tri-yi-bronio-triplKMiylnielbyl — 


Wr 



l!i<( '>-■(! ^ -]{r 

Now the tri-;i-bi-omo-triphpiiyl chluriile was sealed up in an 
air-free ihisk with excess of luolccuhir silver, and the whole 
was sliaken for a considerable time. At the end of this, it was 
Ibund thav the silver had I’ciuoved all the chlorine (reaction of 
triphonylniethyl formation), but in addition it had abstracted 
one atom of bi’omiiie fnmi the ring of one of tlie phenyl groups. 
Since there was excess of silver present, if all tin-, thi'oe phenyl 
radicles had identical properties we, should expect that they 
would yield up their bromine simultaneously. Furtlier, the 
now compound pi-oduccd by the elimination of biomine was 
not a peroxide similar to that formed by triphenylmethyl, nor 
did it yield such a peroxide when exposed to air. The experi- 
ments were repeated with other halogcvi derivatives of tri- 
phonylmethyl, and led in those cases to similar results. It is 
thus shown : (1) That the substitutioii of three bromine atoms 
ill the position para to the “tri valent” carboi\ of triphcnyl- 
methyl in no way interfei'es with the activity of the substance; 
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(2) further action of silver eliminates only ono of the three 
bromine atoms, so that one nucleus differs from the other two. 
From (1) the complete analogy between triphenylnusthyl aiyl 
its tribromo-derivative is clear; and hence we arc entitled to 
draw the conclusion that the inference in (2) is valid also for 
the parent hydrocarbon. But if iii triphenyliuothyl we have 
one pliouyl nucleus endowed with properties not sliarcd by the 
other two, it is evident that a symmetrical foniiula— 

‘W/s , 

cannot give a true ro])rcscntution of the substance's ju-opertJus. 

A further cr)niplicatioii is bit reduced into tlio ]uobluiu by 
a consideration of the molecular weight of tripheuylmethyl in 
solution. If we .'issuine tliat the fiee radicle triphonylmethyl, 
Cii)His, is present, then the molecular weight should be 243 ; 
whereas if hexaphcnyl-ethanc is formed, its moleciiliU’ weight 
ought to be 480. Actual experiments sliow tliat in naph- 
thalene at 80’ 0. the molecular weight is 414; whilst in 
beuxciie near O ' 0. it appears to bo 480-485.^ TJiese lusults 
suggest that under ccriaiii (tonditiuus the liexaplienyl-otliane 
dissociates to some ex lent into triphonylmethyl radicles. 

Tliis idea has received further support from the work of 
Schlonk^ on other compounds of the Iriplicnylmethyl type. 
Thus the molecular weight of phenyl xanthyl (I.) is’ 257 Ibr 
the mniiomolocului* (trivaleiit carbon) form and 514 for tliu 
biinolociilar (rpiadrivalent carbon) siilistance. TJie actual value 
found ill benzene by the obullioscopic method is 270 ; pointing 
to the probability that 82 per cent, of the substance exists in 
the solution as a free nidiclc whilst only 18 per cent, of the 
bimoleoular form is present. Again, phenyl-biphouyl-a-naph- 
thylmethyl (II.) •should have a moleculnr weight of 300 for 
the free radicle and 738 for the bJmolccular form. In boiling 
benzene the actual value deteTiiAiied was 362, which proves 
that the substance exists under these conditions as the free 
radicle. 


1 Oombeig and Gone, JUer., JiX)4, 87, 2087 ; 1906, 89, 3274. 
* Schloiik, AnnaXen, 1912, 894, 178. 
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(J.) (II.) 


1 1 liiis iMXiU shown liy Ticcard^ that the colour of tripheiiyl- 
iiiutiiyl solutioiiM '.II ether deopeus on dilution,* which suggests 
that tlie lowering of the concentration is accompanied by an 
increase in the dissociation of the hi molecular form; whilst 
(lomliorg and iSclioefllc have .studied the intiucnce of the 
constitution of the triarylmetb' Is upon their degree of 
dissociation. 

Tiie foregoing evidence is thus somewhat confusiug. On 
the one hand, it proves that triplieiiylmethyl cannot be 
symmetrical in structure; and on the otlu'r sidt^ it establishes 
tlio tact that the triaryl methyl derivatives do actually e.\ist 
in solution in the form of five radicles. It is clear that we 
must seek further if we 01*0 to find a satisfactory solution of 
the problem. 


■ y. Thv. Ih'imiihrmjl-dhmw Ihj-imlhoth. 

When Clomberg's hydrocarlion was first iirefiarcil, its 
pi'oijm’tios were found to be so dillerent from what Innl been 
exjjectcd of luixapheiiy 1 -ethane (hat the latter structure was at 
once disjiiiHsed as incupable of giving u proper re]»rePoiitatioii 
of the reactions of the new subsuince ; but as time went on, 
and more information with regard to tlio properties of the 1001x1 
highly plionylatcd ethanes was acquii'od, it^seemed as if the 

' Piccard, Annalen, 1911, 881 ^ 347 ; compare IlantssBch, ibul., 884 , 185 ; 
1913, 898 , 379. 

* Normally, of course, dilation has no influence on absorption power Hinco 
the light-ray passes through the same number of molcoalus in either con- 
eentroted or dilate solations, provided that the thickness of the layer Is kept 
directly proportional to the degroo of dUutioii. This is known as Boer's Law. 

* Qomborg and Schooillo, J. Amer. C^m. h'oe., 1917, 89, 1G52. 



TRIVALENT CARBON 


287 


esu'licr viow had bcuu ratlier hasty, and that there was a certain 
amount uf probability in the idea that (jlombcrg’s compound ' 
was, after all, merely hexaphenyl-cthaue. « 

For two years, however, this view was kept in abeyance, 
owing to the fact that Ullmann and llorsiini ^ hiul syuthosizod 
a substance which they rcgaifled us hexaphenyl-ethane. This 
body was obtained by I'cducing tripheiiyl oarbinol; and its 
properties corresponded to some extent with those which hail 
been anticipated for hexapheuyl-ethaiie. In 1004, however, 
Tschitsehibabin^ established the constitution of this supposed 
hexaphcnyl-cthane, proving it to l>o a compound of the follow- 
ing structure : — 

The roniuval of tlio supposed hexa])honyl-othane foun the 
litcratine thus left oiicii the possibility tliat Uomborg's tri- 
pi lenylinethyl really had the hexaxdieny 1-ethane structure , and 
Tschitschibabin^ juit this suggestion forward, basing his views 
on the following considerations. 

In the first placo, we have to account for the roactivity of 
triphonyliueihyl, and show why a compound of the hexapheiiyl- 
cthaiie striictui'c should lx; reactive. Tschitscliibabiii pointed 
out tliat an accuiiiiilatioii of electro-uegative atoms or radicles 
in a molecule tends to make it much less stable. For example, 
Ziucke showed that the accumulation ol' chhjriiic atoms in the 
plienul molecule leiuls to its degradation into simiiler suhstaucus. 
Again, spatial factors sometimes come into play and cause a 
saturated substance like trimethylone to behave as if it were 
an unsaturated hydrocarbon. Those considerations show that 
we must be jireparod for certain anomalies and must beware 
of judging pnddems of constitution on too rigid liiitis. Furtlier, 
it is not necessary to assume an unsaturated striicturo for 
triphenyl-mcthyl merely in oixler to account for its ready 
reaction with oxygen to form a pei'oxide, for Gombeig** himself 
has sliowu tliat tlie fully saturated analogue triphenyl-iodo- 
methane i-eaots in a* simJlai' maniiei'. Nor is this all; for 
when we examine moro carefully the behaviour of the highly 


I Ullnuuin and Uonuin, Bcr., 1902, 36, 2877 ; Gomborg, ibid,, 8914. 

• Tbobitsohibabiu, Ikr., 1904, 37, 4709. 

• Gomberg, Bcr., 1902, 36, 1^6. 
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phoiiylated ethane derivatives we shall find that they are- 
by no means so stable as analo{;y woald lead us to expect, 
l^chitschibabin ^ has proved that even below its melting-point ' 
peiitaphcnyl-clhaiie is attacked by air; at a temperature of 
only 1fi0° C. hydrochloric acid in benzene solution nets on it 
Sf) powerfully that the bond between the two ethane carbon 
atoms is broken, and such products as tetraphenyl-othane, tri- 
pheiiyl-niethanc, and triphenyl-chloro-mcthane, are foimed; 
whilst Cone and Uobinson > found that the action of phosphorus 
pentachloride in boiling l^nzono broke down the peiitaphcuyl 
derivative into triphenylmethyl chloride. 

Against the bexaphenyl-ethane hypothesis we may adduce 
several arguments. In the first place, triphenylmethyl is a 
colourless solid, but its solutions are deep yellow in tint : no 
ordinary benzeiioid derivative is known which behaves in this 
way. Stronger evidence is to be l-.'iind in the work of Oombeig 
(mentioned in the previous section^ by which he showed that 
one phenyl group had properties diflei'eut from those of the 
others Thu ordinary hexaphcnyl-ethano formula gives no 
indication of this, 'riiirdly, Goinborg" has proved that his 
hydrocairboii can Ciisily be converb'd into that which was 
obtained by Ulliiiann and Borsum. On the he \' aphony 1* 
ethanu hypothesisi thi.s reaction would run the following 
course, which is j^Nirallel to that which is taken in the soinidine 
change — 

CoHg 

'\1i4.11 \,II6 

U.O,ll,.Nri.NII C4ir4.Jl - - l{.CeU4.NII.CeU4.NH, 

But Jacobson/ the greatest authority on the ben/idiuo and 
semidiue chauges, regards such a change in the triphenylmethyl 
scries as most unlikely. Lastly, we have already seen that 

> TschitBohibabin, her,, 1907, 40, 367. 

* Oouo and Uobinson, /ibr., 1907, 40, 2160. 

> Gombeig, Ar., 1902, 8S, 8918 ; 1903, 86, 376. 

< Jacobson, her., 1901, 87, 196. 
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one of the most marked characteristicR of triphenylmethyl 
is its capacity for forming double compounds with solvents ; 
but no such property seems to 1>o possossoil by compounds ■ 
analogous to lioxaphonyl-cthaue. 

From the foregoing paragraphs, it is clear that must of tfio 
arguments both in favour of and against the hexaphcnyl-etlinne 
view depend to some extent upon analogy ; and we must be 
careful not to lay too much stress upon them unless we 01*0 
satisfied tliat the analogies really hold goorl. If we rule out 
the ai^umeiits based upon what a compound “ought" to do, 
it will he seen that the evidence remaining — (lombcrg’s dif- 
ferentiation between the phenyl nuclei — tells against the hexa- 
pheiiyl-othano hypothesis. 


4. Quinonfful iryjnHh'nex. 


If we reject the two hypotlioses which wo liavii dealt with 
in the preceding sections, it is clear that we have still a thinl 
possibility open to us; hn* bolh the triphenylmethyl view and 
tlie hexaplienyl-ethane explanation were bused on the assump- 
tion tliat the phenyl nuclei in triphenylmethyl were beuKeiioid 
in chaivmter ; so that by assuiiiing a (piinoiioid structure for the 
substance we shall arrive at totally ilifToront types of formula*. 
The ipiinonoid o.once]itioii of in phenyl methyl was put forward 
viM-y (Mirly in the coiiipoiiiul's history by Kehrmaiui * 


(Jil-OII 


\(;ii=(!ji/ 




This suggestion, involving as it does the assumption of a 
divah-.iit carbon atom, meets with little a]) 2 >i'()val at the in-esciit 
time ; and since other formiihc of the cpiinoiioid tyjjo have since 
been suggested wliich do not necessitate such a {Nistnlate, we 
need not deal further with this one. 

fn V30o HeintschuL^ put forwaixl a new suggestion. On 
his hypijthesis^ the first step in the synthesis of tripheiiyl- 
methyl is tlio convorsioii of triplienyl-chloro-metlumc into a 
desmotiopic form in which the i^lilorine atom has U^eii shifted 
into' a position para to the methane cui'bon atom — 


' Kclinnanii, liXU, 84, 381S; 8uo alKo Norrin and Sandon, Am. Clutn. 
J., ]g01, 26, 117 ; and Cloinliorg, Iter., IU02, 86, 1824. 

« IIuiiiiHcliol, Bcr., 19aS, 36. 820. 578. 


U 
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0,11/1 Noil oil/ 0,11/ Xoii-ch/Noi 

Cl 

iy tbo action of metals, two chlorine atoms are withdrawn 
from two moloonlus of the chloro-compouiid, and in this way 
triphenylnu'thyl is produced — 

(VU /(ll-CJl, /01 Ck yCir-CIlN yCoHa 

cr 2Ag :(/ 

CbHb/ (iji-cii^ ir 11/ \CA 

-2AgCl 

/CIl-Cll Cells 

'Cii (Jii r^iy 

<yir/ '(MI-Cll/ ^CII-CII. \CflK5 

An oxaiiiinatioii of llciiitschuVH fonnuhi will show that it 
contains two (iiiiiioiioid phenyl niuici. fFneohsou^ pro]x>scd to 
inodity this, making' only one phenyl {{roup (piinonokl.as showm 
helow — 

Celle II CH-CII (Vl. 

(yifl c.- c' (’.-■(!' 


Cfille I'H lyif, 

This view niakcs tiiplieiiylniothyl a derivative of a siibstiince 
approaching the quinole ty})e; and as the reactivity of the 
(piinoles ,is quite abnormal, we miglit expect cousidciuble 
rejictivo power from a borly having tho structurtj proiKiSfui 
by .Fneobson, The change of the GomU^rg hydrocarbon into 
the substance prepared by UUmnun iind Rorsiirn can ah-i be 
easily explained on this hypothesis, ns the wandering of a 
single hydrogen atom is suflicieut to account for tho isomeriza- 
tion— 


□ o 

C.H. • 


0.il» 

*/<■«»» \. / 

LI 

\vis <V1»" 


CA- 


Gomborg's hydrocarbon. Ullinann and Donmn's bydrocarbon^ . \ 


i JacobHon, tier., 1004. 37, 19(i. 
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The Jacobson formula helps us to understand the fact that 
this substance, containing six phenyl radicles, can act as if it 
bad the constitution of triphenylmothyl ; for if it be assumed 
that the molecule is decomposed by lialogens in such a way** 
that the single bond between the quinonoid nucleus and the 
adjacent carbon atom is loosonod, then wo should have two 
triphenylinethyl " radicles sot free which would at once i-eact 
with halogen atoms giving two molecules of triphonylmetliyl 
halide. 

The quinonoid formula also makes clear the meaning of the 
experiments of Gomberg and Cone ^ to which we made reference- 
in a previous section. Let. us take for example the case of tri- 
p-bromn-triplionylmethyl chloride — 


Hr 



(!1 


It is clear that, when it is converted into trij luMiylincthyl by 
the action of metals, one of the phenyl railicles must hecome 
quinonoid; and an cxaiui nation of the formula of the substance 
which would Ix) formed if the quinonoid viow he oori;pi‘t will 
show that one of the halogen atoms (marked with an asterisk) 
should possoHS the pro[)urtieH of a halogen atom attaelied to an 
•aliphatic chain rather than tlioso which aii! shown by halogen 
atoms hound ti) aromatic nuclei — 

nrC^f4\ 

KiO,U 4-(J / \—o, 

' , l»r* 

^Now, such a halogen dlom will be more cosily attacked by 
metals tlian will 1»e the cose with the other bromine atoms in 
the compound in question ; so that we should expect tnat the 

< Oombaeg and Couo, B§r., lUOO, S9, 3274. 
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action of an oxceas oi‘, say, silver upon the tri■ 7 ^b^omo-t^iphenyl- 
methnno cliloride will result in two reactions, the fust of which 
will lead to the elimination of two chlorine atoms, giving rise 
to the compound whose formula is shown above, while the 
furtlier action of the silver will remove two bromine atoms 
from two molecules of this body, the result l)eiDg the formation 
of a substance having the constitution shown l)clow— 




-Br, 


((!,ll4l!r),( 


,./ \ 
' \ / 




C(0(|U4llr)3 


The results obtained experimentally by (irunbcrg and Cone 
])roved that one of the phenyl nulicles did aetiudly change from 
the bonzenoid to the ({uiuouoid form ; but in the view of these 
QX].)erimeutera the assumption of this change, alone was not 
Hiiiricieiil. to iiccount fully foi' the piublems which tlio properties 
of triphenylmethyl suggest. 

We must now turn to examine the objections which have 
been bimight against the quiuoiujid view. 

Tschitschibabiii ^ pointed out tluit one of the most speedy 
and a])iiR]'ently simple nioctious which the triphenylmethyl 
derivatives undergo is the formation of the peroxide — 


(CoUa)sC-() -()-C((V{,)i, 


but that if wo iire to explain this according to the Jacol.^ou 
formula we should have to aasume an extremely complicated 
isomeric change as the first step in the process. 

Gomberg and Cone ^ drew attention to the fact that Jacobson 
makes triphenylmethyl a derivative of a s^ibstonce analogous 
t .0 a secondary qniuolo— 




\/ 


-n* 




()_/ \/" 
OH 


I'flchitscbibaliii), lOUS. 88, 771. 
OomlxTg and Cone, lUOO, 88, 771. 
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But since socondiiry quiiiulos have nut yet been proved to be 
capable of existence, these authors considered doubtful the 
existence of compounds of the Jacobson type. Fiirtheriiiore, 
if wo grant tlic possibility of their existena;, it is probable tliat* 
they will behave like ordinary quinoles, and hence their reac- 
tions with acids should resemble to some extent the nnirrange- 
ments which quinolcs undergo under the same conditions. Now 
ill the qiiinolcB, the alkyl gitnip usually wanders to the ortho- 
position; wlicnce by analogy the substance protluced by the 
action of acids upon trijdienyliiiethyl (Ullmanii and Borsum’s 
hydrocarbon) shoiihl bo represeiihjd by tlie formula (I.) and 
not by (ll.\ though Tsehitscbibabiii believed that ( 11 .) Wiis 
formed. These aiguinents, as the authors themselves .'ulmit, 
are piii-ely theoretical, and depend largidy u])on negative 
evidence. 


((JJIfl)JMl 



' I ^ 'v * '(* ^'1)3 

// \ 


(I.) 


(II.; 


Kroiii a soiiiovviiat similar stuiidpoiiil Auwers' has criticized 
the •rai'.olison formula, lie points out that the para-itiethyleiie 
quiuonoid ilerivutives show such a lendeiiey to I'evert to llie 
bciizonoid structure that in some cases a pi'ofound intramoleeiilar 
change may take place, lor (.‘xample, in the compound (I.) 
below, the group — 011012 wander.? fnmi its original, position 
to the atom next tbc j[i.ira-c:ir)x>ii atom in order to facilitate 
the formation of the heiizeuoid ring ( 11 .) in pi'cfereiicc to the 
quinoiioid one- - 


jh3 


Oil; 

(j 


■ 

/ iv. 

i 1 


ri 

1 

\ / • 

II 

• 

U 


(JII2 

( 1 .) 


(JHa.l’llOI 

( 11 .) 


* Auwon, Her., 19U7, 40, 215'J. 
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By analogy, it suoins hardly likoly that the iLydrogen atom 
marked witli tin asteriek in the JocobHOii formula would remain 
fixed in its present positiou when, by a similar wandering to 
bhe para-carbon atom, it could allow the compound to revert to 
the bcnzcnoid type — 





That Biicli a wauderiiig iiiusL bo possible is sliowii by the con- 
version of the Ju<jobson cum|K)iiiid ItiIu that uf Ullniann and 
Horsum i)y the action of acids; but it Boenis strange that 
n compound of the Jacobson formula should exist iu the free 
state at nil. 

i\gaiiist the Ifcintsclicl formula (A), it hns been alleged by 
Tsehitsehibabin' that it should be ciisily isoiiierized into a 
eoiiipoimd having the structure. (1*^; whereas in pmcticc no 
such chniige takes ])lace — 

II 

II 

(A.) 






(B.) 

From the foregoing summary it will bo seen that the aigu^ 
ments both in favour of and against the quinonoid structure for 
triplieriylmetliyl are based very largely upon considerations of. 


' TBchitsohibubin, ifer.. 1905, 88. 771. 
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what a compound “ ouglit ” to do if it has a structure analogous 
to some other compound, the latter body l)eing as yet undis- 
covered in practloe. As far as the relevant evidence is cuu- 
cerued, it certainly goes to show that the quinonoid fonnula 
is a step in advance of citlier the triphenylmetliyl hypothesis 
or the hcxaphciiyl-ethane view, though it fails to account for 
the molecular weights established by ISchlcuk. 


5 / y/w Tauttmicrism 

We have now exhausted the possibilities of static formulni 
to ex])Laiu the Ijehaviour of triphenylmethyl ; and it is evident 
that the ii^siilts have not been completely satisfactory. All the 
three views which wc have disemssed in the foregoing si^etions 
have certain advantages ; and eiicli has ils own drawbacks. It 
thus benomos clear that, if wo art: to make any fiirthor progress 
towanls a solution <>f the prohloni, wo must contrive some means 
of uniting the advantages of the various formuho ; while at the 
same time we must uiuleavonr to minimize thuir weak fH)ints. 
fu order to do this it is obvious that we must turn to modern 
dynamic ideas and represent tripiiciiylinetiiyl as a series of 
equilibrium mixturijs of isomeiidcs. (lonilierg^ has developed 
this line of thought; and if his losults do not lopTcsciit the 
truth, it seems prub.ib 1 e that they come very close to it. 

( lOmbcj'g’s later views look their rise; in the fact that there 
are two varieties of triphenylmethyl which diller from each 
other in colour : llio solid form of tho Hul>stanco is colourless; 
but ill solution this is cluiriged into a yellow compound. 
Sohmidlin^ states that lie has obtained tho two forms of tho 
substance in solution. Now, (lombeig sissiimes iu the lii'st place 
tliat them ore two tautomeric forms of triphenylmethyl, Csgifso ; 
and in tlio second place that the radicle tripiieny I methyl, 
(06115)30, can exist as such and is also capable of tautomerizatiou. 
Let us now take up the possible uonstitution of the solid, 
colourless moditicatioh. This we may suppose to he hexaphenyl- 
ethane. It is evident that wo may assume tautomoric change 
in this compound, leading us to tho following structure : — ' 

I Gomborg. Jiffy., 1907. 40. 1880. 
t SohmidliEb ^r., 1908. 41, 2471. 
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TIiIg iiltumliuii of llio bun/onoid into tho iiuiiioiioid form would 
bti iiucoiiipsiiiiud by a change of the siil).stuiicc from coluiirles.s to 
yellow; and .since all ordinary Rolvents scorn to bo capable 
of yielding yellow solutions of triphenylmethyl, we may assume 
that this change from tho benzmioid to tho rjuinonoid form 
takes place under the action of most solvents during the process ' 
of solution. 

We must now go a step further and (h'al with the behaviour 
of tripheiiylmethyl di.s.solved in a medium of high di.s.sociating 
power, liquid sulphur dioxide. It has been proved by Walden ' 
that a solution of the hydrocarbon 'ii this solvent poHsi^sses 
a fairly high conduetivity, and that the molecular conductivity 
iuci'oases with the <lilution; in other word.s, tlui .substiuiee 
behaves just like an onlinary ioui/.cd salt. From this beluiviour 
(him berg dcdinx's th.it taiilomori/ation is lail the only change 
whhih triphenyl methyl und(M‘goo.s as it is dissolved; but that 
in addition it is di.ssociated''^ into two ions which we may 
represent as below. The anion i.s Kupposed to have the benzen- 
oid structure, while the kation is qiiinonoid — 




(I 




((juinonoid) /1 11 + 


[(<!«! I 




(Deii/iuioid) 


J- 


Oil this view the ae.tioii of iodine upon tripheuylmethyl stdu- 
tions i.s explicable. The iudine in solution is snppo.sed to 
interact with both the anion and the kativui, yielding one 
molecule of benzenoid tripheuylmethyl iodide and one mole- 
cule in the quinonoid form ; hut since the latter seems .to be 
incapable of existence in the free state, it is assumed that 
it undergoes intramolecular change at once and produces a 
benzenoid molecule. When we turn to the action of oxygen 

' Walden. ISdU phys. Cltem., 1908, 4S, 443 ; Oombetgand Cone, Bar., 1904, 
S7. 2408. * Compare Dq Troiu., 1919, 116, 187. 
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upon Iriplieiiylmetliyl in suluiioii, huwcvur, \vc have a soincwlmt 
din'ci'cnt state of alliiii'S, siucuonly tlic uuioii unites with ujcygen. 
(This follows i'roiii tho faett that the peroxide foj'iued Inis tlii^ 
bonxeiioid stmctui'c, whereas the action of oxygen upon the 
quiiKinoid itni would give rise to a highly complicated product 
whiph is not observed among the reaction products.) We are 
thus led to the further assumption that in the iiroccss of peroxide 
lurimitioii the first step is tho oxidation of the heiizenoid ions ; 
as tliuse iiro removed from the solution, etpiilibri inn is disturbed ; 
and, in order to re-estaldish it, some of tlie rpiinonoid ions must 
re-taiitoinorize into the benzenoid form. They in turn ;u'e re- 
moved by the oxygen ; and the jirocuss continues until all the 
triphenylinethyl is exhaiisteil. 

• The same tautomeri/atiun process can be invoked to explain 
why triphenylinethyl gi\es a yellow solution with ethers, esters, 
and ketones, while the solid double compounds which crystal- 
lize out from these solutions are colourless, in this case the 
iienzunoid ions may Ixi ussuined to unite with the (|uadrLvalout 
oxygen of the ethers, etc.; and in order to take their place 
some of the ipiiuoiioid ions are couverU‘d into benzenoid (»nes. 

According to (ionilieig,' then, we cun explain all the ini- 
jKntant projierties of tripheii} linethyl on tho basis of llie 
following hy]iothcsis: (1) tautunierization of hexaphenyl- 
ethane to a (|uiiionoi(1 substance having the daeobson formula ; 
(2) iNirlial dissoc'i.itioii of this cumpuimd into ])osJlive and 
negative ions in all solvents; (3) mutual inleroonvertibility 
of these ions by tautomeric cliaiigo; and (d) the oxisleiiec of 
trivaleiit carbon atoms giving rise to froe radicles. Thus a 
complete re])reseiitalion of triplieiiylmetiiyrs muLatioiis is 
given by the following Hcheuie: — 






1 -/ ■ 


11 


\ '' 0 ( 0 , 11 ,),, 


(0,11,;, I!-/ 


n 


^ Gouibergaod Schocfllu, J. Avur, Chcfn. Soc,, 1917, 89, 1652. 
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One final piece of evidence may bo mentionctl lierOi though 
its bearing upon the tripheuyluiethyl ])roble]ii is an indirect 
pne. ir we discard the hypothesis of a rpiinonoid structure 
in triphonylmothyl, we are driven back to the idea that the 
three phenyl radicles, in view of their great amount of residual 
affinity, idh'Ct the fourth valency of the methyl carbon atom 
and thus allow its trivalonce. ]>ut if this were so, then three 
other iinsaturated radicles should have the same elfect. Now 
tetranitroiiicthane in certain solvents ^ shows a development of , 
colour similar to that exhibiteil by triphonylmethyl ; and it 
might be assumed that under these circumstances it was 
dissociated into a ^ree nitro-group and trinitromethyl : — 

(NOjOsO.NOa - (N02)3(1- + -NO^ 

'J'lie fact that the absorption bauii produced is independent of 
the nature of the solvent iised^ (; rovided that any colour is 
developed at all) seems to 8iip[)ort this view. 

To test this idea, a scries of detorininatious of the molecu- 
lar weight of tetranitromothane was Carried out ” in solvents' 
yielding coloured solutions with the solute uinl also others in 
which no colour was ileveloped. The method employed was 
the cryoscopic one. In no case was any sign of dissociation 
to be found. Solutions of tetranilromethanc in acetic acid 
(where no colour is exhibited) and in napthaluue (which 
ohaiigcs to tlie tint of asohonzene in ]iresence of* 2 per cent, of 
tetrauLtromethane) gave freezing-] loint doprussiuns agreeing 
with the iiiolmilar weight of telninitroincthaue within 0’2 per ‘ 
cent. Evidently no dissociatifiii occurs in this easu, although 
the thms nitiu-groiips aie (|nite as ''negative” und uiiaatiuated 
as the three jilieiiyl rudicles of tritdienylmeihuno ai-e. lliis 
seems to allow that the ex]ihiuation of the heiiaviour of tri- 
])lienylinetliyl must be sought in the uaturo of the phenyl 
radicles as distinct from their mure residual affinity. 

n ^ Ostroinisslonsky, J. in'. Clutr,., 1911, 84, ^89; Clarke, Maobeth, and 
^Stewart, Proc., 1918, 29, 161. * 

^ Harper and Macbeth, Traru., 1915, 107, 87 ; Maobeth, ibiil., 1824. 

* Stewart, unpubliabod observation. 
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6. Tfviophene Analogues of THphmylmethyL 

Gomborg and Jickling^ bave oxteudud the study of free 
radicles into the region of the hctcrucyclic compoundk Froln 
n-iodothiophenc and benzophenotio they prepared, by the 
Grignord reaction, tliienyl-diphouyl carbinol ; from which, by ^ 
the action of liydrogen chloride, they obtiiiued the correspond- 
ing chloride. When the Inst substance is treated in beuzuno 
soliitioii with molecular silver or other metals, it exhibits a 
deep red colour and absorbs oxygen freely. The amount of 
oxygen absorbed iiidicatea that the following reaction probably 
takes place : — 

• CJljSx 

2(JelIr,-(: + O 2 = -i' O O (J Dflllfl 

(’el's/ 'o'ls/ 

thus bringing the new compound into line with triphenylinetliyl 
in peroxide foriuiition. 

This opens up pr«>.sj)ectK of considerable interest; for the 
liroducliou or non-production of a trithionylmethyl would 
throw light u|)ou the eonstltution of tri])hunylmothyl itself. 


^ ((oniborg and Jiukliog, J. winter. Chenu SfK., 1919, 36, 446. 



OllAlTKIi* \n 


OTIlKIt KIil'JMMNTS WHICH MXilllHT AUNOItMATi VALKNCY 
A. JUTIiOliUCTOItV 

In view of tho iiiLuruijl oxcitcil by tlio ti‘ii>liuiiyliiicl1iyl pi'oblcm 
ii'um 1000 oiiwaixls, it soenis .straiigo lliiib no ono ut tliut time 
c'i]il)cni‘s to liHve tliouf'bt of exatiiiuin^ other conipouiids which 
Hhowsoiriu abriictiiral aiialoj*y witli hex:ip]ienyU‘thsim‘. 

((’fllI.i)aU(J( ( I,)2 !,.( M ).( 1„I 

(^iuiro)3ri».J*i.(0„iro)» (iVi5)2A.« As(c7of[c)2 (ioii6.s.s 

lit each of the foriuuhe shown above tliere is a sy in metrical 
stnictniti ; all the forinul.'C coiiUin a central sin{,dc bond in the 
inolctMile; and tiie various substances re]>iescnl the highest 
possible phenyl-substitution product of their ty]>e. 

A compound has now heeii isolateil which from ccrtiiin of its 
reactions, appeal's to contain li-i valent haul, though it dillbrs 
to some extent fj'om lliu carlioii aiiulogiie, triphciiylmolhyl. 

Totraphenylliydrazine was already known at the time 
when ti'i{iheiiylmethyl was arousing interest by its iieciiliar 
naturo; yet no one seems to luive been struck by tlie analogy 
between it and licxuphcnyl-etliane ; and it was ituite accident- 
ally, in 1900, that the c.Iose coircspondeiice between tliL two 
series was Jirst binuglil out in practice. It iias since been 
shown that, just as tho free radicle triplienyl methyl can exist 
in solution, so can the oorresponding diphenylliydrazyl grouping 
(Cpllg) 2 N apiieor in the free state ; and if carlion is to bo con- 
sidered as a trivalcnt element in oertain circumstances, we 
cannot deny the possibility* of divalent nitrogen derivatives. 
Between the two series a strong resemblance undoubtedly 
exists, though tho bond N — N is much less readily niptiired 
than is the case witli the single linkage between the central 
cai'bou atoms of Gomberg’s hydrocai’bon. 

300 I 
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With regard to the analogous phonyl derivatives of the 
divalent elements, it is found that experimental evidence, 
points to the possibility of aryl peroxides yielding dissociation 
products whilst apparently diplienyl disulphide can, under 
certain circumstances, give rise to a free radicle. There are 
indications that deiivatives of monovalent mercury may lie 
capable of cxisteuco. In the following sections of this chapter 
the behaviour of these compounds will bo briclly surveyed. 

B. Tiiivalknt Lead 

When to an ethereal solution of magnesium j>-2-xyly1 
bromide wo add iinely-powderod lead dichloiidc in the pro- 
portion reiiuJred by the equation: — 

3 PbCla + G Br . Mg.CgTTg = 2Pb(C8lTo)3 + Pb -I- 3 MgCla+3 MgBrg 

a greenish -yellow crystalline material (‘an be isolated ^from the 
reactiun-mixture.''^ The molecular weight of the substance, 
determined by the cryoscopic method in bonxeiie solution, 
corresponds to the formula (OgIIo) 3 pb . Pb(Ognij) 3 ; and the kxly 
appears to be the load analogue of hexaphonyl-ethanc. 

It does not oxidi/e in air under ordinary conditions, wherein 
it differs from its carbon analogue ; but with bromine it yields 
Hr . Pb(Cgiro) 3 , jusf. as tri[»henyl methyl gives tripheiiyl-bnimo- 
luetbano. 

'I’he lead derivative is (piite stable up to a temperature of 
22b ' ; but ill solution it aiijxMi's to be remarkably ]>hotosoijsitive, 
being I'cmlily decomposed by the action of light. By the 
Grignard reaction, it yields h^tul tetra-p-2-xylyl, wKich is only 
decomposed at tcmiieratures above 270.' 

Attempts to prciiaro the coiTospondiiig simpler derivatives 
(such as lead tn'iihenyl) by the same method have not been 
successful, the tctra-aryl comtjounds being obtained instead. 

0. Divalent and CiUADUivALBNT Nitbogen 

1. Tlis^etra-aryl^hiidraaiim md thdr Iteoatiowt, a 

Tetra])henyl-hydrazino can be prepared either by the action 
of iodine upon the sodium derivative of diphcnylamine ° or by 
the oxidation of diphenylamino in an orgainV solvent by means 

> IHinimoror and (Jhorbulioa, Zfer,, 1914, 47, 9967. 

8 XrauBO and Sebraitis, Ber., 1919, 68 (B), 2J65. 

8 Gliattaway and Tn^ln, 7Van«., 1895, 67, 1090. 



3oa RECENT ADVANCES IN ORGANIC CHEMISTRY 

of lead oxidti or potassium pormanganate.^ Obtained by any ' 
^ of these metliods, it is a colonrloss solid melting at 144” C. 

As a class the tetra-aryl-hydrazines are stable substances 
when ill the solid state, though they are easily affected by 
light and are rapidly changed when dissolved in various 
solvents. Nascent liydrogen converts thorn with ease into 
two moleciilos of the diarylamine from which they were 
originally prndneeiL 

Their most peculiar behaviour is observed when they are 
treated witli acid. In their onlinary form they possess no 
basic properties ; for anhydrous mineral acids give no normal 
(colourless) salts. On the other hand, when they ara acted on 
liy ai!ida, even in oiganic solvents, they exliibit intense colours,* ' 
green, blue, or violot.® I'he coloured derivatives can bii isolated 
ill an iiiipnro condition; -.iiul when they aii*. treated with 
alkali they ntgcuorate tlie parent hydrazines. They must 
therefon^- be regarded sis salt-liko addition products of the 
11 ndccomiK)Scd hydrazines.’' 

These coloured products arc oxtceincly labile and soon 
decompose under onlinary conditions, yielding a mixture of 
sovt'ral difrorciit coini>ounds.' Thus in iiroseiice of acids, 
tetraphenyl-hydraziiKt gLve.s diphenylainiuu, p-cbloro-anilido> 
tri])heiiylaiiiiiie (I.), dipheiiylbeiizidine (LI.), and a pornzine- 
derivative (lll.)-- 

01.(Vi4.NH.Celi4.N(llelW2 (.yie- Nil .CflH, 

(I.) (II.) 

'VI, 

I 



(Hi.) 

> WielanA and Qamlnrjan, fler., inOG, 30, 1499. 

* similar cnlourB are olitainod with bologona, thionyl chloride, ferrio 
chloride, alamiiiium oliloridc, xiiio chloride, and the pent^hlorides of phos- 
phoms and antimony. 

. s roid. ’ Wlelano, Die Jlydnuine, 1918, p. 63. 

< WioUnd, Annalm, 1911, 881, 900; 1919, 888. 169 ; tfsr., 1907, 40, 4969 ; 
1908, 41, 3478. 
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The presence of acids is not essential to ensure the break- 
down of the tetra-aryl-hydrazines ; for with some of them it 
is only necessary to heat the substance itself in benzene or 
toluene solution, whereupon decomposition takes place and* 
follows a course similar to that traced when acids are present, 
though naturally, with slight variations duo to the absence of 
acidic radicles.' 

The inftuence of solvents upon tlio hydmziiies manifests 
itself in another manner. As lias been mentioned, tlie hydm- 
zinos ore colourless in the solid slatii ; but when tliey are dis- 
solve<l in organic solvents and thou lieatod, a marked colour 
makes its appearance,* which disappears again if the substance 
be cooled immediately. Colonic also make their appearance 
when the liydrazines ara bombarded with cathode rays and 
Jeept cool with liquid air.^ ^ soon as tlie bmnbanlmont 
ceases, tlie siibstaiice reverts to its original colourless* cun- 
dibioiut 

Wlien tniated with iiitrogim peroxide in toluene solution 
at 90* 0., tetrapheuyl-hydrazinc reacts and pitaluces nitroso- 
diphetiylamine (1.); whilst with triphenylmetliyl it yields 
tripbenylinotliyl-diphonylainino t (f*-)— 

Mill 

(I.) (II.) 

* Alkali metals act on the totra-aryl-hyilrnzine with greater 
or less ruadiiieas, producing compounds of the typo ll^iN.Na, 
the raoctioii being similar to that observed in the casq of tri- 
phenylniethyl.*'* 

In conclusion, it must be piuted out that in one case at 
least the general syntliotic method for preparing tetra-aryl- 
hydrazines breaks down. When carljazole — 

1 Wielaiid and Loolior, Her., 1913, 4S, 2G00. 

* CryoRcopio molocular wuight dotonniiiatioiiR prove that tlie subRtanco 
[(OH,),N.OgHJ,N.NrC,H,N((Jlf,)sl* is diflBocuted to an extent of 10 per 
cent, in benaone aolatioii and 31 per cont. in a solution of nitrolienxono 
(Wieland, Ber., 1915, 48, 1078). 

• Wieland, Annaien, 1911^881, 200. • 

t Exactly Himilar roeultM are obtained with trlphenylmetbyl derivatives 
.(Sohlenk and Uorzonstoin, AniMlai, 1910, 872, 1). 

I Exactly similar results are obtaixicd with tripbenylmotbyl derivatives 
^Sohlenk and Herzenstoin, Annaien, 1910, 872, 1). 

> Sohlenk and Marcus, Ber., 1914, 47, 16G4. 
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is oxidised with the usual reagonts, it does not behave like 
diliiiiiU3dnniine,^ though it coiiUins the diphonyliunino skolcton. 
AiipiU'ontly the juesence- oi' the pyiTol ring in tlio compound 
lias some intluenco upon the reaction; and it is suggested that 
the extra valency of the nitrogen atom is in this case absorbed 
by that portion of the molecule. 

2 . Widaryi*>i JIi/pof/teMH of Divalent Nitroffm, 

In order to explain the reactions described in the foregoing 
section, Wicland ^ proposes to regard the tetra-alkly-hydrazinos 
.'IS analogues of the triplicnylincthyl sciies ; so that under 
certain conditions he assumes a dcpolymori/fition of the sub- 
stituted liydrazluo which paralloL the formation of triphenyl- 
metbyl from hexaphonyl -ethane — 

(CaHs)2N-N(0aira)2 > 2 ((^alWsN 

(0alla)s-(J-(J-((W*5) 2W'ons)3 

The colours ol>seryed when totiapbeuyU)iydra/ine rloriva- 
tives are treated with acids or with reagents siioli as stannic 
chloride aro thus brought into lino with those which .‘ire ob- 
t'diiL'd in the tri])heiiylcarbinol scries under similar conditions. 

The formation of a dihydrophena/ine derivative and di- 
phony]{iniine is explained by tho mutual oxulitioii and reduc- 
tion of four froe radicles in the following manner. Tn the 
first place, two of them unite with the uUiniiia>ion of two 
hydrogen atoms (marked with nn asterisk) to form diphenyl- 
dihydiYiphona/iiie— 

c,ir, 0 , 11 , 




^ Wicland and Oamharjan, /7rr., lOOG, 89. 14!)!). 

« Wialaud, Junafcif*, 1!)11, 881, SiJO; 1!)19, 898, 127; 193. 401, 233. 
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These cwo liydi-ogeii utoms, thus set free, then reduce the two 
other i'ree nulicles to furui two molecules of diplieuylamiiie> -- 




N + lla 


-> i \ni1 




Tliu ])iiKluctioii of uLtroso-dipheiiyhiniiiio, on this liypothesis, 
may be I'opi-esouted thus-- 


‘bHs 


N' NO 

14 - - 

Cflllg N NO 


N 






NO ('oil., N N:0 
NO '"Oo*>a 

(■0II5 


iiud the rciiction with triplioiiyliuethyl is simply a union of the 
two free radicles to f«u-m lrLphei),vlmi‘thyl-(li])henylaniLne — 

+ N((!oII.,)2 — (^^1*5)3 -N(< 5 cllr ,^3 


To account for the foriiiiiUoii of //'chloro-anilido-triphenyl- 
aniine. Wicdaiid assumes that tho lirst action of acids upon 
totraphonyl-hydra/lne is to decompose it into one inoleuule of 
diiihonylamine and one molcoule of (ddoro-diphenylainine, two 
molecules of which then iiitcKict ius shown below — 


X N'iColI-,). NCM IIXlC>,Ili», 





8. Slcwurt'a of tlAi (Juiuo?witl UifpnthvHut, 

Tho paralhdism between the tetrajiheuyl-hydrazine deriva- 
tives and the triplienylmethyl group is so close that it seems 
not uuwan'uutablu to extend to the former the ideas which 
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havu buoii used tu account lor tlio boliaviour of tho trivalent 
carbon couijiunnds. 

In tlio tripbeny] methyl j'roup, it was assumed tliafc hexa- 
phonyl-etliaiic was ciqiable of intriimulcoulur chau^o rosulting 
in a quinoiiuid structuro. An analogous change in totra- 
pbunyl-hydraziuc would result in tho ibrnuitioii of a coniponnd 
of the type (II.) wliicli, if wo follow out tho parallel, would 
dissociate into a beu;!em)id portion (111.) and a quinouoid part 
(IV.) 


(C.lbbN (111.) 

llv / ^ ,, 

(c.ig,N - V X / \ / \ 


(».) 


(El.) 


/\ / 
(IV.) 


'J’iir presence of the i(uincmoid structure lieiv wtiuld 
account I'or tlio appoai'unee of cdour wJieii euloinless totra- 
phoiiylliydrazino is heated in solubion, and also fur the readi- 
ness with which the substuuuo is aflooted by liglit. 

To account for the production of diphenylbenzidino from 
tho hydrazine, it is only necessary to assiinio that two molo- 
ciilc.s of (l\'.) join logoi lior and then rearrange themselves into 
the benzenoid form- - 


l-ll N / 

mioM— \ / 


/ \ 

„/\ / 


-N.Cells 







To explain the production of p-ehloro-anilido-lriphenyl- 
aiiiine, it may bo assumud that in acid solution the radicle 
(UgllgJjN is attacked by a chlorine ion, giving ohloro-diphonyl- 
amiiie, after which tho reactions wou^l take placu according 
to Wioland's suggestion. Tho occurronco of the parent sub- 
stance, auilido-lriphonylaiuiue, which is noticed when tetra- 
pheiiyl-hydraziue is heated m benzene solution, can bo even 
more simply explained by a wandering of a hydrogen atom ; 
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thus recalling the tbruiatiou of Ullmann and llorsiiiu’s hydro- 
carbon in the case of triplienylmethyl — 


\^]^.OeU,^((ieUe)aN. 


/ \ 


\ _/ 

AuiUdo-lriphuuyliiiiiinu. 


NU. Cells 


The interaction with tri phony Imcthyl and with nitrogen 
peroxide is Ciisily accounted for by assuming that these two 
loageuts coinbiiie directly with the fioc beiizeiioid radicles 

(in.). 

In order to make clear the formation of the pcniziiie 
derivative it must be ]K)inted out that along with one molecule 
of this substancOs the reaction gives rise simultaneously to 
* two molecules of diplieuylamine. N'ow an examination of the 
ipiiiionoid siructui'u praposed fur tetniphoiiyl-hydraziiiq sug- 
gests a I’esemblance to the quhiole constitution — 


II X II N{('«ll6)2 

X )\ 

I 

I ' ■ 



II II 

o N.iyio 

(juiiiolu. Tcti'Hplicnyl-hydraxiiic. 


and just as some (piinoles exhibit a wandering of thc'group X 
to the nucleus, so wo may assume a similar wandering to take 
place in the case of totrapheuyl-liydrazine, giving rise to a 
compound of the following structure - - 


II, 


V 



CM NtCfiHsi, 


Two molecules of this would combine directly to produce a 
perazine and at tlie same time cliniiiiate two molecules of 
diphonylainiue (as shown by the dotted line) for each molecule 
of perazine produced — 
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CeHs 


i2sa{Cf.iU), 


ThuH in oitlor to accouiit satLsCaclorily for the various 
m'uitioiis of totrapliunyl-liydriiziiio, it is iiuccssary to iissumo 
llui iollowiiij; scrioR of o(|iiilibria: — 


(^V.IIn)2N N«J«llr.)2 


(('cll,)o\ ,, . 


II 


/ 




(('„lla)2N 


!M 


II ■''^N((Vl.,)i I 


\ '^ \ . v II M 




■k *A Jh rirtttiiH- oonlainivfj Qum/ricdlriU NiinH/m. 

Tiio oxidalioiL of (liiiUciiyl-liydi'oxyLamLiio with silvor 
liydi-oxido yiolds a conipouud ' wliioli ajumars to liavi- tlio 
formula shown liclow— 

(CJoIIb)2:N:(i 

Owiij^r lo its aiiulu^ry in sij'ucture with iiitm^jn poruxido, this 
fliibstancii is termed diphonyl-uitrogeii oxide. It is a crystal- 
line corniKiuud, deep ml in ti|it ; and its vapour lesembles that 
of nitrogen peroxide. It lilwrates kiiliiie from potasaium 
iodide - 

((.VIq) 2:N:() + :!IJI = (Colls).: Nil + ;;i +■ Il^O 

1 Wiclttud and Ofloubaclior, Bsr., l'J14, 46, 2111. 
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With IiroDiiiie it gives ii halogen derivativo of (liplionylamine 
containing two bromine atoms atluclioil to one phenyl nucleus 
and one bromine atom in the other. With nitrogen peroxide 
and tripheiiylmetliyl it reacts readily. Concentrated minonjll 
acids react with almost explosive violence upon the new com- 
pound. 

The molecular weight (hiterniined cryoscopically in benzene 
corresponds to the monomoleciilar formula ; and this apparently 
remains unaltered even in a mixture of ether and carbon 
dioxide, for at - liO® i). the subshince. can be recrysUllized from 
ether and still retain its r(*d colour. 

One point of intei'i^st in connection with the compound is 
that its discovery tlirows ('onsidcrable doubt upon a striietiire 
suggested for nitrogen peroxide: for it is clear tliat «liphenyl- 
nitrogen oxid«‘ resomblcs nitrogen oxide closely; and this tends 
to support the foriiiiila (11.) as against (111.) * 

N 0 t) -N-O 

( 1 ) ( 11 .) ( 111 .) 

Tim formation of r»r.|(*,jll 3 -Nlf -Cjjlfjlh' by tin* action of 
lii’oniine upon the' substance may i)oiiit to the existence of a 
ipiiiionoid gi'uu|>iiig in tlie nndecnle; and it is jiossihle that 
the case may be one of trivaleiit carbon instead of an cxiunple 
of qiaulrivalent nitrogen. Too little is known of tlie subjisct 
ai pmseiit to make it worth wdiile to speculate furtlKU'. 

I). 1)kimv.\tivi;s op Mokovalknt SifUMinu. 

The oxidation of phenyl mercaptan yiebls phenyl diaulphble, 

(V.rr, s s (yi„ 

This substance in the solid state is colourless, but when it is 
dissolveil in any iiidillerent solvent, the solution shows a faint 
yellow tinge, ari3 the colour is intensified by raising the tem- 
perature. (.)ii cooling, tbo solution regains its original tint. 
This change in colofiv cannot f)c attributed to dissociation, 
according to Lecher,' since the solutions do not deviate from 
1 Jeer’s Iaw wImjii examined in a colorimeter; so that I he case 
is not parallel to that of triphenylmethyl in this rosiiect. 

' Tiocljor. At.. J915. 48, 624. 
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further, in the case of j^-dimethyliiiiilido-dLsulphide — 
(Cll3)2N- CVI 4 -S --S C 6 ri 4 - N(Cn3)a 

dn analogous colour change is observed when the. solid sub- 
stance is heated and cooled. 

To explain these phenomena, Lecher suggests that the 
bond between the sulphur atoms is not broken but is merely 
weakened; and that the weakening of the valency and the 
duveh)])meut of colour an' ])ara]lel changes. 

Kvidciice of this weakening of the bond between the sul- 
phur atoms was sought for in various refictions. for example, 
at onlinary temjieratiires or oven at •SO'' (J. sodium has little 
effect upon ]ihcn>l disulphide; but at 120® C. it reacts to ])ro- 
duce sodium nierc.'iptidc — 

Calls- S S + 2 Na = 2Corra S- -Na 

The w'oakness of the bond bi: ween the sulphur atoms is 
also indicated by the interaction of ^J-dimothyhuiilido-disul- 
pliido and Lripiionylmcthyl, wdiich gives rise to 1-dimcthyl- 
amido phenyl - 4 -triphenylmcthyl disulphide — 

(Cir.,),,N.C3ll4 -S S -(i3ll,.N(0ll3)3-h2(CeTl5)3(.' 

= 2((!Il3)3N;Coll4.S.(\C6H5)3 

Tiiosc n^aotions suggest that under certain conditions it 
might be possil)le to obtain derivatives of monovalent sulphur ; 
and though no actual isolation of such compounds has yet 
been achieved, their existence has been rcndei-od probable by 
the following evidence.^ Phenyl- triphenyl methyl sulphide 
can be obtained by the action of triphenyl-chhico-motliane 
upon sodium phenyl mercaptide — 

(JoUj.S.Na + 01.0(03113)3 = 03ll3.S.0(0aIl3)8 + NaCl 

Tlow this sulpliido becomes strongly yellow when heated in 
ethyl benzoate solution ; and an examinatini^ of the spectrum 
proves that triphenylmetliyl is prosont. By shaking the solu- 
tion in the air, the triphenylmetliyl is oxidized, the solution 
becomes colourless ; and by further shaking in an indifferent 
atmosphere the yellow colour of triphenylinethyl reappears 
'owing to a further decomposition of sulphide. The only' way 

* Looher, 1015 , 48, 824; 1920, 68, 677. 
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in which this reaction can reasonably be expressed is os 
follows : — 

Cells -S (^((Ws = O0H5 . S + C(CelIe)a 

• 

Farther cvidcnoo^ is found in the exniuinntiou of mercury 
phenyl nicrcaptide, CeHe . S . Hg . S . Celle. It was observed 
by Drelier and Ottn^ that this body, wiutn heated, breaks up 
into mercury and pluniyl disulphide; and Lliis suggests that 
lieat loosens the bond between the sulphur and nuirciiry atoms. 
<')u Leche.r’a view, the weakening of the valency force ouglit 
to be accoinpaiiied by a ilevelopment of colour as the tmiipera- 
ture nses. 'J'iiis actually ]mjvcs to be the case. Whether 
diy or in solution, the mercaptide is colourless at or<linary 
tennperatures but becomes yellow when luxated, though 110 
mercury separates from it niidor the oxi)erLin(intiil conditions 
oinploy(id. 

Lecher suggests that the Drelier-Otl.*) riiaction is a revers- 
ible oiu^ which may take oiie of the. two following courses : — 

(I.) ((),ir,.s),iig 0 , 11 , 8 . s.c,H, + ns 

(rr.) (0,ii5..s),ii« -- 20,11,. 8 +iiB 

20,115.8 ^ 0,115.8.8.0,11, 

If it can be. proved that the rejiction ineliides the. two erpiili- 
bria shown in (fl.), the existoiici; of monovalent sidphur 
would bo ostiihlished ; but at present the subject is not. beyond 
dispute; ami we must wait for further eviclence befoie elnssiug 
monovalent sulphur compounds along with tlio Isjtter-ostjih- 
lislied ciisos of trivaleiit CiirlHiii and divalent nitrogen. 

E. A Derivative oh- Monovalknj' Oxyijen. 

When /-J-dinaiMhol (T.) is oxidized with silver hydroxide, 
it yields a substance termed hydioxy-uaphthyleiie oxide, to 
which the foriltula (II.) is ascribed. By treating this with 
potassium ferrioyanide or indigo white, tlehydroxy-dinaph- 
thyleue oxide is formed, which m supposed to havo the striic- 
Lure ( 111 .) or (Ilia.). Tliis l«xly, when dissolved in various 
solvents, shows colour plienomcua akin t«i tliosr observed in 

• Leolior, 1916, 48, 1435; 1030, 6S, 677. 

> Drobor and Otto, Annafen, 1870, 164, 179. 
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thu triiihcnylmutiiyl series; and, i)artly on this ground, it is 
I ussuiucd to dissociiiUi into nulicles ^ which liavo either of tiu' 
structures (IV.) and (V.). 


•> 



Vho siippjiBcd free radiclo reacts readily with oxygon 
(though less nipidly than triplieiiylniethyl) forming an ochi’oous 
poroxidi}. TiYdinu also acts n|}on it more sloWly than miglit 
have been aiiticiiNited. llydrochloric acid decom|)OSOS it. 
'rri])hciiylinetliy], cye.lopentmMonc, and jiineno sdd thoniselvcs 
on to the Ridielc. Nitrogen ]ieiH)xide funns an lulditivo cnni- 
pounil in cthevi^al or benzene solniion but docs not attack the 

1 Pummoror and Frankfurter, Bn., 1914, 46, 1472; compare Pnmmorer 
and ChcrbnlfoK, iftid., 2957. 
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radicle to any extent in olilorofevin solution. When the sub- 
stance is boiled in ben/eno solution it undergoes decomposi- 
tion, yielding bydroxy-diiuiphthylene oxide ami diiiaphthyleiie 
dioxide. • 

It will l)e seen from the above data that the compound is 
extremely coiiiplic;itod ; its re.actions have not bomi fully 
studii'd ; and it may 1 m) well to refrain fnnu laying too much 
stress upon its structure till its pro]Ktrti(‘s have been more 
thoi-oughly investigated. 

F. MoNOYAFiKN’T MKUUUIiY. 

If a lu[nid aniinoiiia solution of methyl mercury chloride, 
OIl^.Hg.Ol, is electrolysed with a small cathode, a highly 
attenuated opa(|ue mass (‘.oUects around the; cathode.^ When 
the mass is collected and allowed to warm u)) to mtar ot'dinary 
temperature it suddenly undergoes decomposition with the 
evolution of hiuit. Tint reaction appears to eorre-spond to the 
following e( Illation : — 

2(‘H3.iig = iig + Jig(Oii3i2 

Otlier comiMiunds coniaiiiing other alkyl radicles and acidic 
groups behave similarly. 

Tlie material is black, like a linely diviiled metal ; and it is 
a good (‘.onductor of electricity. It docs not amalgamate with 
mercury to any markc<I o\tent. 

Jt. is suggested by Kraus that this compound contfflus mono- 
valent mei’ciiiy; and this is possibly the csise. On the othor 
hand, it is nut im]irobable that it is actually CIL3 . Ifg . Ilg . (*113 ; 
which might he formed at the small cathode just :is persul- 
phates are formed from sii1phat.e.s under similar conditions at 
the anode. Further rosearcli wdll probably decide which of 
tliese views is coirect. 

• 

O. CONCIilJSION. 

^ • 

The nature and heliaviour of the triniyl-mcthyls and the 
tctra-aryl-liydro/ines suggest jmibleins which bring us to the 
very bases upon whieh rast our modern views of .structural 

^ Kmiis. J. Amer. Ctum. Soc.t 1013, 36, 173S. 
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cliemistry. Onco the idea of “fi-eo radicles” is accepted, our ^ 
long-tried dogma of the qnadrivalence of cnrbnii comes into 
the scales for a final test. Tt is doubtful if wo shall throw 
over the older ideas suddenly. Already there is a tendency 
to look for a new conception of valency, n tendency which is 
disjdayed in the nuxlitrii theories of partial valency and residual 
affinity : but those views are at present disjointeil ; and there 
is little sign of f.hoir being welded into a cnniiccted whole 
which will carry conviction by its clarity and flexibility. 

In the meantime, it seems desirable that further examples 
of these ^loculiar compounds should be examined ; so that as 
wide a basis as possible may be used for genersilization. 
Attempts^ have been made to prepai'C nmi1ogu(\s of tetra- 
phenyl-hyilrazinc in the arsenic grruip, such as 

but, u[) to the present, no actua' proof of the dissociation of 
such substances into fine radicles lias lx30n obtained. Possibly 
the temperature oinployeil was not sufficiently high* to pro- 
duce a rupture between the arsenic atoms. Further exjieri- 
mcnls may prove more successful ; or fiiiitful subjects for 
investigation might be found in tiie analogous compounds 
dorived from phosphorus, antimony, or bismutli. The analogues 
of carbon (silicon and tin) also suggest tbomselves for research 
])urpo8es; for it can hardly ho assumed that ciirhon, sulphur, 
lead, aud nitrogen are the only atoms capable of showing this 
peculiarity. 

1 Sciiloiik, Awmkn, ICIS, 394, 2iG; I'ortor iukI Amcr. 

Chnn. Hue., 41, 

* A Kolutioii of llifl stiilistaiico hi boiling lioiiKcnn wii- uned. 



CHAPTER XI ll 

MOIJEISN FOUMIJL.K ANI» TIIKIF: KAILIN(iS 

An unbiassed survey (»f the fields eoveiud by or^aiiie. 
chemistry cannot tail to reveal to any criticuil mind the fact 
tliat onr structural i'oriiiuLe an^ becoming le,ss and less able to 
cope with the strain which inodern research is placing upon 
them. £t is true that for work-a-day ]>urposes they still 
answer admirably ; and fram the point of view of Leaching it 
is doubtful if anything better couhl be devised. Riitwlien we 
go into the matter beyond the mei'e surface, things 01*0 not ho 
satisfactory as they may ap{H‘ar to tiu' siipei'ficial observer, 
lu the present cl la] iter an attempt will be mndo to indicate 
briefly some points in t)i«' problem. 

Ill tbe first iilace, it will be well to impiirc as to tlio exact 
nature of our jireseiit-ilay foriiiuhe. Acconling to Kc^kule,* 
structural foriniil.'o ■w’ci’o “ decomposition ” fiirninlio: — , 

** Rational forniuhe ai'e decompusitiun formul.o, and in the 
present state of eliemical science can bo notliing more. Thr 3 se 
formula} give us pictures of the chemical nature of sfthstauccs ; 
because the inaniier of writing tliem indicates the atomic 
groups wliicli remain iinattacked in certain ixtactioris. . . . 
Every formula which expresses definite mefiamorphoses of a 
compound is ralmicU; that one of the dilferi'iit rational 
forniuhe is the most ratwnal^ which expresses the greatest 
number of tlie metaiiiorpliosi^B.” 

Couper,® on the other hand, put tlio case as follows : — 
“Gerhonlt ... is led to think it necessary to restrict 
chemical science to -the arrangement of bodies acc/irding to 
their docompositions, and to doiiy the possibiliiy of onr com- 
prehonding their molecular constitution. Clan such a viow 

1 Kokul£, AH7Uth>v, 1858, 106, 149. 

* Coupor, i'AiZ. ?rag., 1868, IV.. 18. 107. 

■ 3>5 
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tend to the advaiiccniRiit of scicuce. ? Would it not be only 
rational, in accepting this veto, to nuiounce chemical researah 
iiltogetlier ? ” 

Thus, on the one side, we have Kekiile maintaining that 
graphic forniulii' are mere shorthand symbols l)y means of 
which wo can easily ami com]>netly expn'ss the results of our 
chemical exiM^rimonts ; whilst, on the other side, Cou])or claims 
that these ciphcirs give us the key to the actual mode of 
linkage of tlie atoms within the molecule. Let us takci each 
of these views in turn and see how far they can be 1)rought 
into agreement with luoderii conditions. 

Ilegarded as nure reactloii-formuhe, it must he admitted 
that our present symbols fail at too many points for our int(d- 
lectiial satishiction. If we take the (uiso of (|uinone ns an 
exanijilc, we find tliat its formula is written in cither of two 
ways— 

<> 

II 

(' (’ — () 

/ \ / 

Iff' ('II lie ('ll 

i; !i .‘I 

lie ('ll lU' ('ll 

\ / 

(’ il o 

I! 

() 

each of whic.h is a rtiprosentation of its method of reacting 
with a certain reagent, lint inMtlier of these formnhe allows 
as litfomsee the fact that (luinoiie. monoxime will i-cact as if it 
w»M'e II itrusi i-])heiiol — 

Non N.O 

(! 




lie 

oil 

IK^ O 

II II 

!! 

lie 

ON 

no o 

'\ / 

/ 

(' 

0 

II 

i 

(> 

on 



JfO/JJi/lN FORMULAE A.VD THEIR FAILINGS 317 

Tho iiumlKsr uf facts of this typo which hsivo accumulated 
in recent yeara is considerable, and the result of this jnci’oase 
in knowledge has been remarkable, liistoiul of attempting to 
bring their formula: into harmony with the facts, oi^ranic 
chomiRts have been content to dmg behind then a leiigthoiiing 
chain of im])lications, which they read into u formula ; 
in the case of acetone and ethyl acetate we do iloL distinguish 
in our formula: between the two carbonyl groups, but we 
mentally interpret the two symlKils dilfcL'entiy. Thus, at the 
jirescut time, it is <piite conr'^nvable that a student may l)e well 
acrpiaiuted with the meaning of all tho ordinary chemical 
symbols, but may be hopelessly at sea with regard to the 
beliaviniir of a given compound ; though to a more cxperimiced 
clieiiiist tliis is implicitly expressed in tho formula whicli 
” misleads the lu^ginner. 

A eoiicrete example will servo to bring out the amsunt of 
uiio\pn:ssed maleriid which we roiid into the ordinary formula. 
IjCL us consiiler the iviudions uf the iinsaturaLed monobiisic 
acids in presence of dilute sulphuric acid, lii the first 2>lar‘e, 
we assume that an addition of water to the double bond 
OCCUl'S — 

110 Oii WO 

' ”11 ■ ' 

IK’ (ML. i'O ('ll. (’ll. ('() 

Now, we know fnjiu general c'vperieiice that when one 
Jiydroxyl gi'ou]) lies iiL the l,G-posilion to another in the 
same chain, water is usually cliininated with ease; so we 
should deduce that the next step in the process would he such 
an abstraction of a water molecule- - 

(diiay on no (oigai- (» 

A 

(..'II. Clla CO OH. OII2 CO 

The Ibrmatiuii of this comttouud is actually w'hat does take 
place, so that in tiiis case our implications arc justified ; but 
let us apply the same series of idt.vis to another instance. Take 
tlie case of, vinyl-acetic acid (I.), which contains tho double 
bond in exactly the same position as in the ul.her substance. 
Applying our experience as before, we should deduce tliat the 
final product uii healing with dilute sulphuric acid would be 
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the laotouu (11.) Ill practi(‘4} no miub substance is formed, the 
, ])roduct belli;' the ne^v uiisaturatud acid (Til.)' 

. OJIg 0 

Olla-.OJJ .tlla.COOlI I Clfo.ClliCil.COOH 

CUa.OIIa.OO 

(I.) (11.) (111.) 

lint this dues not brin;; us tu the end of the possible roac- 
tiuiis of tills class of substances; for if we lake the case in 
which two methyl ;'rou])S lUXi attached to a different carbon atom 
wc find Unit the reaction follows yet another course — 

'•'A. 

rJl3.(1||OII.('(llll3»:..f!0()II 

(JIl3.(‘ll:()(Cri3)2 + (^03 + Ha0 

Tiius, our forniuhe have ceased to be true niactiou furiuuhn, 
and may merely serve to misU-ad ns if we attempt to draw 
any ;;eiioral coiichisions from them. 

Lot ns now turn to Ooujxir's view of fonnulie, vh., that 
they, are to be re^'arded as true re))it}sentatiuns of the intimate 
structui'e of molecules. Hero we a^ipear to bo upon safer 
ground; but again we nieel with drawbacks. If a formula 
I'Opi'eseTitS the actual mode of linkage of the atoms iii a mole- 
cule, how can we certain of our insulis when we apply 
cliemical reagents to the compound ? Quinouc, when treated 
with hydroxylamine, Iiehaves us if it contained a ca.bonyl 
radicle; but if we employ phospiiorus peiilachloridu as our 
reagent it acts as if (luiiioiio coutaim^d a benzene nucleus, since 
p'dichlurobcnzene results. In this case, what is the true 
structure ofipiiuone? If it l;c regarded ad an equilibrium 
mixture of two corapoiiuds or as existing in two vibration- 
phases, what becomes of dur “intimate structure of the 
molecule ” '< 

Evidently, from Couper’s point of view, the outside reagent 
is a disturbing factor not allowed for in onr formulm. An ex- 
ample is furnished by the action of hydroxylamine upon mesityl 
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oxide.^ If the reaction is allowed to take place in a metliyl 
iilcoholic solution in presence of Kodiuin methylate, the chief 
product is the siibstancu fonnud by thu addition of hydroxyl- 
amine to the double bond — • 

(0113)30. (IHg. (10. (lla 
NTl.OJl 

Hut if, on the olhor band, after exactly lunitnili/iing hydro- 
xyloniinu hydrochloride with sodium car)>onuto wo allow it to 
act upon an alcoholic solntioii of mesityl oxide, wo get the 
usual carbonyl group itMictioii, and mesityl oxime is formed — 

(0113)30: Oil. (XNOJO.OJI3 

Thus in alkaline solution the cthylenlo bond is .stimulated into 
' activity, wdiile in neutral .solution the Ciirbonyl radicle ajtpears 
the moro ruiictivu of thu two. • 

From this it b(‘conie.s clear that in ordor to ascertain the 
true ‘‘intimate structure of the molecule” wo riiiist find some 
way of dctcrniining it aj)art Jroiii extraneous materials. How 
is this pos.siblc 'i 

The recent developments in the study of phy.sical properties 
of compound.s imliciite a nutans wlion'by the constitution of a 
liody might bo guesseil without the newssity of applying dis- 
turbing reagents to it. At ]>re.seul our methods are not sufli- 
cieiitly advanced to permit us to estiiblish molecular structuro 
deliuiloly by pliy,sical means alone; bub even to-day we cun 
uccoinplish a good deal with the help of absorption si)ectr.i, 
magnetic rotation, refractivo iiuh'x, magnetic susceptibility, 
electric absorption, optical rutab^ry power and dispersion ; and 
Uiore seems to be little reason to despair of further ])rogrcss. 

It is at this point that we encounter the diillculty which 
has l)eon responsible fur wrecking a considerable amount of 
work in recent years. Oji the one hand, as we have seen, 
sbind oui’ “chemioar’ forraulai which give us — ^incompletely 
enough, it must be confessed— n picture of tlie reactions of 
substances. On the pther side, physical methods ore showing 
us glimpses of the “ intimate structure of molecules.'’ Now 
a groat mistake appeal's to have been mmle in assuming that 

* Hurries and LeUnuum, Ber., 1897, 80, 280, 2786 ; Horrioa and JaUonski, 
ibid., 1698, 81, 1871 ; Harries, AnnaUai, 1901, 880, 191. 
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liotli llujso tilings could ho expressed l>y the saiiie furinuhu. 
Our old ruiictioii-roniiulu', thoii;r]i iinuldo lu cope with the 
diflicii1tie.s in tlieir own special held, have been imported 
w,illy-iii11y into tlic proldeni of molecular striictui'C, because 
we had nothing better to utilize tliere. The result* has been 
something' like the stale of affairs which would lei^ii in iirith- 
melic if we insisted on iisin^ a mixtuie of Itomaii and Arabic 
notations in our calculations. 

It is evidmil that pm^ress aloji^ these lines w'ill be slow. 
What is leipiiied is that those investigators who concern 
tlieiiiselves with physical properties shouhl invent special 
symbols* to express their lesults, aiuL slionld thus l)o freed 
fiom tiic iinjdicitions wiiicli clin^ to tin*, ordinary foriiiuhe. 
Then, at a later sta^e, it may be ito.ssiblu, with incmased 
knowledge, tjo harmonize <he two symbolical systems and pro- 
duce a combined iiotutioii which will include the valuable parts 
()f each. 

Ibilortunately, there .seems litthi doubt llnit this suoouytion 
will be ignored. Conservatism is ingrained in most sc.ieiitilic 
miinh ; and the struoglo which new ideas have belbi'e them is 
oeneiiilly sevoi-e.t 

We must now turn to anotlna* re-^ion wherein mir modern 
ibrmule are failing' to meet the demands made upon tlieni. 
Wlien we examine the. matti'r closely, we liiul that the founda- 
tions*of theoretical organic chemistry aiii a .series of labels by 
means of wliich we endeavour to conceal our ignorance of the 
fuiidanieidal phenomena of tlic subject. Of these labels, none 
is used moi-e indefinitely and at i-jimlom than the word “ U u- 
saturatioii.” Wluit do we mean fiy an uiis-'ilurated ;.onipound ? 
It may be defined as a molecule which, withont total dist'iption 
of its original structure, is capable of uniting with one or moi^ 
fresh molecules. 

Now when w'e consider uiisuturatioii in its broadest aspects, 
it is evident that wliat we call uusaturatioii /s a specific and 
not a general property. Wo represent the unsaturation of an 

* Tlio clontrouic symbols auggestod by Nolfiou *and Folk ropiesoiit aomo- 
tbing akin to wlint ia intondod ; though in tlioir prosout form 'vhoy cling too 
cloriuly to ordinary fonniihf. 

t Au omuaiug cxaznplo of thia ia to be found in Kolbe'a review of vou't 
Hoff’s thoorioa on thoir first publication. 
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ethylonic linkage and of a carlx)nyl radioki by the same symbol, 
a double bond ; and os far as the action of nascent hydrogen is 
eoncemod, this is quite accurate, fur both the ethylonic linkage 
and the carbonyl group will attach to tliemselves two atoms 0^ 
hydrogen. But when we use bromine instead of hydrogen, wo 
find that only the ethylonic linkage reacts ; tor the carbonyl 
mdiclo remains unaflcctod by tho reagent. 

Thus wo cannot say definitely that the etliyleiiic linkage 
is more or less active tliaii the Ciirboiiyl bond ; for tho matter 
is influenced in diirercnt ways by tlio reagent employed, the 
solvent used, and the ivlative i)osition of the two doulde bonds 
in the molecule. In other words, “ iinsaturation ’* is not a 
definite, moasiirable thing which we can proilict in any case 
/rum tho behaviour of the “ niisaturated ’* substance in other 
circumstences ; it is mther something kinetic, something which 
is extremely sensitive to external forces, and which in its turn 
can play a part in inlluoncing the clunuical actiun of groups 
which it docs not apparently affect dirtjctly. 

As an example of Ibis latter properly we may quote the 
case of the Vorlandor liule.^ Vorlanilcr hits ))ointcd out that 
wo can consider both acids and alcohols iis dmived from water 
by substitution. In tlie Ciise of acetic sieid we sulistitiite an 
.acetyl grou]» for one of the hydrogen sitoins of wsiter, while 
ethyl iilcohol i.s foriiuMl from w«iter by the substitution oC an 
ethyl group fur a hydi-ogou atom — 

II—OH CHj. 0112— OH OH3.CO-4IH 

When we examine the chemical behaviour of the hydrogen 
atom in each c.ase, wi* find that in the iicids it has a much 
greater activity than in the alcohols. The origin of this 
difference obviously lies in tlie dillerence between the iu:yl 
and alkyl gnaips te which tho hydioxyl radicle is united. 
The ({uestion is lommoiily dealt with by labelling the acyl 
group “ olectro-ncgativi;,’' and treating the label as an ex- 
planation. But, as yorliiiider •pointed out, this case is 
only one example of a general rule. Tf we represent 
non-mctallic eknnonts by K, and write down tlic following 
series:— 

1 Vorliindur. Bvr., LtK)l, S4, 1633 . 
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I 2 :*» 4 
n.K.E:K 
12 3 
H. K: K 
1 2 3 4 5 
II . K . E . E : K 


wo slinll find tliat tho hydrogen atom in the first line has a 
greater raactivity than those in the second and third lines; in 
the iirst case tlie donhlo bond between two E atoms lies in the 
3:4 jiosilion to llie hibile hydrogen atom, whil(3, where the 
double bonds are in the 2 : 3 or 4 : 5 ^KiHiliions the hydrogen atom 
is not sjiooially renetive. For example, the labile liydrogen 
atoms in oximes, iicids, plieiioln, dia/o-eoinpounds, and sidphinic 
acids are all ailnaied as in tin* first type with rospi'ct to tlie^ 
dmible bond — 


4 3 2 1 

O.ll 


4 3 2 I 
IJ N:K.n.ll 


4 3 2 1 

I 

\l 

4 3 2 I 
():S.(). II 


U 


/ \ 

dll d O II 

,/'3 2 I 
dll dll 


In acoto-acctic csUt and nitm-methune tlu! hydrogen atoms 
arc doubly influenced — 


0(4) 

il 

CJI,.d(3) 

II -6- — II 
. (^) (i) 
EtO 0(3) 


4 0 

II ^ 

3N-0 H 


4 (ML 


0(4) 

Further, when an acid or a ketone is brominated, the 
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halogen atom enters the nnoleua in the position required by 
this rule^ ue. it replaces the hydrogen atom in the a-][>osition 
tc the carbonyl gi-oup — 

• 12 3 4 12 3 4 

Br.CK.CrO Br.CIl.lJiO 

I- i . i 

n on R R 

* 

Thero seems tf) he another inlhienoe at work in the case 
of acidic hydrog(m atoms ; and ns the matter ap]>ears to have 
escaped notice hitlierto, it m:iy be well to call attention to it 
ill this connection.^ An examination of the formnlie of those 
su|i)stan(ies which are Ga])able of yielding metallic, derivatives 
by direct di.splacemeiit of a hydrogen atom will show that the 
atom tfi which the labile hydrogen is attached is ca]iablo of 
exerting n valency higher than that which it cxliibits in- the 
acidic compound. For example, in the following substances 
the oxygen and snljihur atoms art) divalent, while both oxygim 
and sulphur arc capable of acting as rpiadrivaleiit elements ; 
oarl)on in acetylene acts as a divalent atom, though its maxi- 
mum valency in four; the nitrogen atoms shown below aio 
trivalent, hut niliogcu can iiet as a pentad ; iodine can act 
cither ns a mono- or u trivalent element. The formuhn ait' 
written with lines to show the extra valencies — 


H c on II 0 on, n s On, 

, I » 

I I ,(!ii-on 

N Nir (Jo.du, ir 

MirT-=(:ir 

ft will 1)0 seen that this is of more general application than 
the Vorlauder Rule, for it holds in the case of suhstaneos such 
as ethylates, whose fonuation takes place though thei'e is no 
double bond in the molecule such as is required by Vorlandcr’s 
' view. In fact, the straoturo demanded by the Vorliinder Rule 
is merely a reinforcing influence upon the lability of the 
hydrogen which already exists owing to the presence of the 
atom capable of showing a rise in valency. 

> Smilofl, Tmna. Cfusm. 800 ., 1900, 77, 100. , 
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We must now turn to another point of view. Hitherto we 
liavc regarded unsaturation from the Btandi)oiiit of addition 
I'eactions, but wo may now extend this a little. Suppose that 
we have two isomeric substances, each capable of, taking up 
four bromine atoms, are these two 1 todies equally saturated or 
are they not? The question of unsatnration here resolves 
itself into one of stability. We ciiiyiot distinguish between 
the bodies by the amount of biYtmine they tiike up, so we 
seek some otlu)r eriUnion. Now, in the oas(t of two substances, 
one of whi(ih lias a pair of conjugated double bonds, while in 
the other the bonds are not so related, the first substance 
takes up the four bromine atoms two by two, but the second one 
takes u]i all four simultaneously. Tbi: action is thus more pre- 
cipitate in the second instance, and we. should be tempted to 
consider the first snbstnnce as the less iinsaturnte.d of the two/ 
In fact, as Thiele put it, the coiijugattMl double bonds partially 
saturate one anotluH*. 

further, when an unsaturated acid is brought into couilitions 
which allow it to undeigo isomeric eliangi^ it is almost always 
converted into tlio form which contains the cthylenic bond 
(‘.onjugated with that of the carboxyl group. Kvidontly, then, 
this gi'ouping must bo the most cxothorinic, and therefore 
the most saturated. 

We may now sum up, as far as possible, the various points 
which we have tieatcd in the foingoing pages. We have 
shown, in tiio iirst place, that nnsatiiration is not an intrinsic 
proiMirty^of any molecule. It dei)endH laigcly upon the natnin 
of the outside reagent; in onler to have "unsatnration” we 
must have two substances, eiwh specially fitted to interact 
with the other. In fact, the addition nactions of organic 
chemistry appear' to be an extreme cose of the oi’diiiaiy reac- 
tion of salt formation, such as takes place in the case of 
ammonia and acid. Secondly, the influence of the other (non- 
reacting) parts of the molecule may play a*very considerablo 
part in any addition reaction, so that w(‘ cannot ascribe the 
same meaning to every double bond, that we write down. 
For example, since the etliylenic bond in maleic .acid refuses 
to react with hydroxylamine, it must bo chemically quite dif- 
ferent from that in mesityl oxide which reacts readily in 
alkaline solution. Thinlly, just as unsaturatiou can be 
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inHuoncod by ueiglibuuring uiistiturations, it may in turn exert 
an influence upon groups of atoms in its vicinity. And, finally, 
ii* we have a scries of unsatmutioiis in a inolcculo they can be 
made to I'eaixange themselves to form a moi'u stable system. * 

It is especially in this itigiou of unsatnintiou lliat we find 
tlie limitations of our struclural formube most clearly luoi'kcd. 
When wo write a doable bond between two atoms, we do not 
always mean the same thing. The double bonds in the cases 
of diphenyl-ethylene, ethylene, and fulvcne certainly do not 
resemble one another chemiciiUy : in the first ease the double 
bond is not attacked by biomiiie, which is taken up easily by 
the double bond of ethylene ; but while tint fulvcne series are 
oxidized by air, ethyleiiic substances are not. Thus we have 
an increase in unsaturatiun (or itsactivity as regoi’ds 1)romine 
and oxygen) as we go from diphenyl-ethylene through ethy- 
lene to the fulveues; yet we symbolize all three unions be- 
tween the carbon abniiM of the double bonds in c.xactly the 
same way. It is perfectly evident that the amount of in- 
activity is difleixmt in these thrtui casus, and theinfore thi) 
** chemical afUuity,” which gives rise to the reactions, must be 
different also. 

J3ut it is not only in the cose of the double bond that we 
can trace this alteration in value of valencies ; we can discover 
it in the case of single bonds as wnll. It is well knowi^ that 
in bronio-benzene, the lu'oniine atom is held to the carbon atom 
of the nucleus iiioi'c tiniily than is the case in aliphatic bromine 
derivatives. Jhit if wo nitrate the benzene ring, thb bromine 
in the iU'omatie bromine derivative becomes as laliile as that 
in the aliphatic one. This incroiisu in i-eactivity can lie due 
only to some change in the force which holds together the 
carbon and bromine atoms; in olher words, the “vjilcncy- 
force” uniting bromine to carbon is stronger in bromobenzene 
tlian in nilro-bromobonzenc.* Flurschcini^ has carried out 
some experiineflts by moaiis of which he showed that this 

* When the above pnragmph was written in 1908, I was under the im- 
prossiou th%t this had long bccu conuuon knowledge. Dr. Fldmchoim 
desires mo to mention, however, that he puhlishud u paiwr 011 the |>oiiit iu 
190G {Ber., 89, 2016). -A. W. S. 

* Fliirsohoim, J. pr. CJum„ II., liX)2, 66 , 32'J ; see also Weruor, Btr., 1906, 
89, 1878. 
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9 

viu'iation iii the value uf the single bond is quite a general 
property. 

It may be supposed by some that if we accept these ideas 
we shall be taking a retrograde stop, and plunging ourselves 
into a web of inconaistoncies ; but suraly it is not so ! At the 
time of Franklaiid, chemists had not acquired those ideas of 
choiiiical structure which wc now possess, and which wo cannot 
abandon without liaving something better to take their place; 
consequently, it was necossai'y for tlio science to go through a 
stiigo ill which valency was regai'ded as a fixed, unalterable 
foiee; without this guiding jninciplo the work of the last 
forty years would have been impossible.^ But wc have now 
raaclicd a point from wliich we can look back and enlaigo our 
views without running the risk of losing liold of what we have ^ 
acquirad. Instead of consideiing a “bond” as a fixed unit, we 
can n^gard it rather as the sum of an almost infinite numto 
of small forces ; so that we can subtract from or add to its 
strcngtJi within limits without bringing it out of the category 
of a “liond” or valency. For example, if the force employed 
in unitbig two atoms together by means of a single bond bo 
UTined “ f'®,” then the quantity F will be negligible in com- 
parison with the force of the single bond. But it is quite 
conceivuldc that this small force F would be sufficient to cause 
a diffoinueo of rcarUvitif according as it were added to or 
subtracted from tbo force F*. Thus the two forces expressed 
by p* 4- F and I'® — F would not differ ajipreciably in their 
ea|)acity for uniting two atoms, ami certainly would not be so 
diilereut as to allow the first atom to unite with two others ; 
yet at the same time they would bo suflieieiitly different to 
produce a change in reactivity of an atom atbiched to another 
by one or otlier of them. 

Fibiii this point of view, investigations of the reactivities 
of certain atoms and groups in molecules ore of the greatest 
importance. ' A considerable amount of work-in this direction 

* An iuterostiug paper by TecLib'chibabin (J. jir. CJutn.! 1912, 86, 881) on , 
■‘Tho Valoiioy of Carbon Atoms id So-oallod ' Unsaturatod ’ Compounds" 
may be brought to the notioo of the reader in this connection. 

* Boo among others, Clarke, Trans., 1011, 99 , 1432; 19l2, 101 , 1786; 
Harper and Macbeth, 'Prans., 1910, 107, 87 ; Macbeth, iWd., 1824; Potrooko- 
Kriischeiiko, J. pr. Clum., IIKX), l 3J. «!. Petrenko-Kritsohonko ■ 
Kontsohon, Her., 1900, 88 . 1462; Bonter, Trans., 1909, 80 , 1827; iMd., 1910, 
97. 1G28 ; Btewart, Trans., 1906. 87. 185. 470. 



MODERN FORMUL[e AND THEIR FAILINGS- iV 

has alrefidy been carried out; but a vast field lies open to 
research in this branch of tlie subject. With an increase in out 
'knowledge of the factors which govern the reactive xx>wer of 
compounds must coiuej in the end, a modificaliou of our 
structural lormulm. 

We ore now in a position, not, certainly, to forecast tlie 
character of the symbols which will replace our present ones, 
but to state clearly what functions these symbols will have to 
fulfil if they are to be regarded &s satisfactory. They will 
have to cover the reactions whicli conipounds undergo and to 
do this ))cttei' than our xii-esent notation permits. They will 
have to indicate in some manner the reactivity of the' com- 
pound, 08 distinct from the mere power of entering into 
reactions. And, liiially, they will have to embody the know- 
' lodge of the intimate structui'e of molecirioH which we may in 
future obtain. 

It is not to be ex])octcd that success will be attained at u 
stroke. Much mure iirobably, there will be a good deal of 
fumbling and recosting to bo gone through, just os there was 
before our present-day formula*, emerged from tlie melting-pot. 
Any suggestions, thcrelbre, which tend towards the enlarge- 
ment of our ideas of chemical constitution should be welcomed 
by those who have sufficient critical sxnvit to gras^) the failure 
of our coiitemporuiy formuhe under the strain of modern 
iiivostigation. * 



CllAITEU XIV 


SOMH: UNMOliVKD IMiOliLISMK 

Jn tli(‘ loruguiiig pugcs many oxoiaplus liave bucii givuii to 
illiisliatc Ihu Hurmouutin^ of dinicultius, either practical or in 
theory, which ut first si^rlit appoarod iusuporablc ; nud a study 
of the countless successes which have been achieved by organic 
clieinists in the solution of tlie problems of chemical constitu- 
tion f'unuot fail to raise saugiilno ho])es that in the futiiit; 
the most com]dicated structUK'M will be elucidated. Yet it 
must i)e freely admitted that even the simplest com])ounds and 
reactions remain fruitiul liehls for further investigation ; fur it is 
precisely in tliis z-egion that modern organic chemistry is most 
backward. Wliilst the frontier of tlie subject is being pushed 
ever onwanl, the older branches remain very much wiicre the 
pioneers left them ; and our knowledge of fundamoutal things 
has not increased at aiiyihiug like the same rate as our other 
ac(iuii*eiiieiits. In Llie present chapter, an attempt will be made 
to dii-ect attention to a few of the many points wliich might 
repay furtlier tliought and eAperimeut. 

In the first place it may be asked wliy carbon, among all 
the elements, sUuids iire-einineiit in its capacity for forming 
long atomic chains. Other elements also are capable of eatena- 
tioiL ; but none of them shows this peculioi’it/ so markodly as 
carbon. 

Chain-formation apiiears to 1>n a characteristic confined to 
those cloiueuts which lie close to carbon in the Periodic 
Arrangement of the elements, the metallic* elements being 
Almost devoid of the catenating property. Thus while Izoron 
forms vatioua hydrides of whith the mosti complicated ^ appears 
to bo 13 ioH| 4, tlie next clement in the group, aluminuim, has no 
capacity fur chain-formation. Carbon, in the fourth group, 

■ Stock, Friodorioi, oud rrioss, Ber., I'JIS, 46, 3358. 
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appears tu liavo an aliiiosl uuliiuitod fsicility in furining long 
chaiiiH of atoms ; but its next analogiio, silicon, bos up to the 
present yielded notliing higher than the six mombered clioin ^ 
in hoxosilune, SioTIi^, while the third and fourth mombers of 
the group, titanium and goimauium, exhibit no catenating 
properties at all, and the tin phosphide, Su.jP, seems hoi-rlly a 
parallel Ci'isc.^ In ( iroup V., nitrogen, especially when associated 
with carbon atoms, manifests a considerable power of chain- 
formation; phosphonis^ reaches its maximum in the compound 
arsenic is limited tu the union of two atoms and forms 
no hydride ^ more complex than AS2H2 ; whilst the remaining 
niembei's of the group show no tendency towanls forming eliains. 
Tmniiig to Group VI., oxygen forms a throo-membered chain in 
ozone; but except in organic compounds* the higher limit for 
tlic remainder of tlic group a])pears to be two atoms in the 
cluiin in such compounds^ as 11282. In the halogen gnlup, the 
only tendency towards eateiiation Is to lie found in the some- 
what doubtful examples of such compounds as KF : Fll. 

From this survey it will bo evident that carbon atoms 
possess some peculiar ])roperty which enables them to excel all 
others in this diroction ; and, further, that only tliose atoms in 
the immediate iieighlsjurhood of carbon iji the Feiitslic Airunge- 
inout (boron, silicon, nitrogen, and phosphorus) have the ehain- 
forining pn)perly devoloi)e(l to any imu’ked extent. Jt is 
natural to imjnire why this should he so. Thei’c is at prosent 
no explanation capable of accounting for the phenomena ; but 
there are sundry facts which appear to have soiift) possible 
bearing upon the (piestiun. 

In the first place, the presence of metallic cliaructcrisiJcs in 

1 Stuck und othcTH, Ber., lUKi, 49, 108, 111 ; 1017, 50, 1730, 1761. 17G1 ; 
1018, 61, 080. 

< Stead. J. Svc. Chan. Ind., 1807, 16, m 

* Itesaoii, Compl. rend., 1800, 111, 072 ; Stoc-k, BOttuhor, und Longer, Her., 
1000. 48 , 28J0, 2817., 

* JanowBky, Ber., 1873, 6, 220. 

* Among the organic compoundii cuimw have boon diecovorod in which no 
lOBB tluin five sulphur attpns appear Uf bo united in a straight oliain-^.p. 
bensono sulpboiiic trisulphido, C«Ha.S02.S.S.S.SO..C,H^ (Trbger and 
Homung, J. pr. Chan., 1800, 60, 134). The oxtromu nuto appears tu be tolyl 
pontMulpliide. OH,. .S .S.S. S.S. C.U* .GH, .(Truger and Yoigt- 
U&nder, J,pr. Chem., 64, 613). 

* Bloch and Huhn, Ber., 1008, 41, 1071. 
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an atom appears to be a bar to cliaiii-ibrmation upon an 
extended scale, since otherwise there seems to be no reason 
why aluminium, fur example, should not yield more complex 
derivatives than it iictuully does. It is obvious, that the 
linkage which unites two atoms in a molecule capable of 
hydrolytic dissociation must be weaker than that which holds ' 
togethei', such a pair of atoms os carbon and clilorine; and 
since the mettdlic atoms aie all capable of forming easily dis- 
sociable comi)ouuds it appears not unlikely tliat the form of 
linkage affected by them is of a slighter character than that 
which carbon exerts. Possibly this factor enters into the 
question of chain-formation, or at least choin-staliility. Sug- 
gestions have been put forwanl that valency may be divided 
into two catogoncs: polar and iion-polar; and perliaps con- 
siderations of this type/ when carried furtlicr, may bring to 
light the true explanation of the catenating properties of certain 
classes of atoms. 

Secondly, all the catenating elements dealt with above are of 
the ** amphoteric ” tyi)c, tliat is, they are eatable of combining 
directly with either electropositive hydrogen or electronegative 
chlorine ; but it should be noted that of them all, carbuu is the 
only one which forms equally Stable derivatives with both 
these elements. 

Thirdly, all tliese clLaiu-forniiiig elements are marked by 
their comparatively small aiuiuic volumes ; * and it is not with- 
out interest to note that tliose other elements which, wlule 
iiicjipable'of chain-formation, show a tendency towards complex 
salt furmatiuii, are also of small alojuic diiucnsious. An 
examination of the atomic volume curve will shew iliat carbon 
has the smallest atom of all the elements; nnd it seems not 
improluible that this pccuirarity is in some way connected with 
its extraordinary capacity for Cttteiiation.t 

Thus if we gather t<^'ether the chief characteristics of those 

> Seo Friond, Tlut 'Cluorymof Valoncy ; Blomstnnd, Ohemie der Jetatgwt, 
18G9, pp. 217, 243 ; Hiuriebsou, ZeU^h.phyaikal. Chem., 1902, 38, 805 ; Abogg, 
Zei^h. anoTtjan. Chem.^ 1904, 30, 380; Spiogel, ibid., 1902, 28, 865; Friend, 
2 Vwm., KiOH, 83. 2G0 ; De, 7Vans., 1919, 105, 127 ; Briggs, ibid.. 276. 

* The atomic volume of nitrogou is abnormal, os on pzamination of the 
curve will at once show. 

t This Buggoslion was zuado to me in 1910 by the late laeutenant G. B. 
Crymble. 
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elements which form cliaiti-comiMundB, it api)ear8 that they : 
(1) have no metallic properties ; ( 2 ) are amphoteric in character ; 
and, (3) have small atomic volumes. Wliat lies behind this 
roust be left for speculation to suggest. * 

Turning now to a differcnt field, it is natural to inquire 
why the inti'oduction of a cyclic grouping into a molecule 
should produce tlie changes in chemical ehoractcr which are 
well known to follow ring-formation. Fur example, it is hoi'd, 
on our modern assumptions with legard to the nature of atoms 
and molecules, to regard molecular structiiie as a rigid thing ; 
yet in the case of cis-traiis cyclic stereoisomei's * there appears 
to be a fixity in the relative positions of atomic gieu]>s which 
seems to {joint to some “ stiffening ’* of the forces biniiing the 
atoms in position. In fact, in this ease, the purely mechanical- 
model with its fixed and rigid lioiids, gives on the whole the 
best ropreseiitatiou of the phenomena wliich lins yet hoen 
devised. Yet it is clear tliat there can he nothing in the nature 
of this within the molecule itself. Thu idea of Faraday tubes’ 
ooDuecting atom with atom may to somo extent assist us to 
hannonize the mechanical inoflel and the actual atomic pro- 
perties ; but 11 ]) to the present it may he said that we have no 
clear coucciJtion which fits the facts exactly and suHiciuutly. 

In the gnju]) of cyclic compounds, another unexplained 
phenoineiion meets us at once: the houKoiioid chagteter 
po8sc8.scd by certain substances. This peculiar series of pro- 
perties is evidently not produced by one factor alone, but must 
ho the n'sult of at loasl three cu-cxistiiig infliionbes. The 
alternating system of doiihlo and single bonds which is charac- 
teristic of the beiizeno system is to he found in other molecules 
as well. It occurs, for example, in hexatrieue. : OJI 2 : OH . 
CH : OH . GH : CIf 2 ; hut no aromatic character is shown by 
tills substance. Again, the moro occuri'eiioc of a six-meinbored 
ring in a compound confers no benzeuoid characteristics on the 
substance, as is*secn in the cose of the terpenes or the* hexa- 
methylene derivatives. Finally, even the comhinatiou of a ring 
and the alternate grouping of single and doable bonds does not 
suffice to produce aromatic pro{xirtios, since hoth such charac- 
teristics ai'e present in cyclo-octatetracne : — 


* And also, though to a lossoi oxtont, in othylenio BtereoisomotH. 
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Cll=CU- ClI-CH 

! 1 

Ollu..(ill (i|l-=CJI 

lAid yell this subBlaiice ^ is iiol benzoiioid iu ehuraetcT. IL is 
thus evident lluit tiic nmiber of the uarlion utoiiis in the ring 
must have some iniluoiico; and that to possess the aromatic 
characteristics a compound iiiiist contain : (1) a cyclic structure ; 
(2) six atoms iu the ring ; * (3) a symmetrical arrangement of 
alternate double and single bonds within the ring. Why this 
IKU'ticiilar aiTangemcnt should Ixj required and why it and only 
it can confer aromatic properties u])on a hydrocarbon molecule 
is a point upon 'vhich speculation has hitherto failed to throw 
light. Tlie most plausible solution is to 1)0 found in Collie's 
benzene space-formula ; ® but oven it leaves room for furtlier 
thouglit on the subject. 

Tito resemblance to the beii:<enc characteristics wliich is 
exhibited hy thiophene is another point upon which no satis- 
factory views luivo l)cen expressed. It may bo recalled that 
altliougli tlie usual formuhu for thiophene and pyrrol contain 
atoms capable of forming “ onium ” derivatives l)y the addition 
of alkyl iodides, no such addition i-etiction has }>ecn observed in 
either case. however, pyrii»l be reduced to dihydro-pyrrol, 
the nitrogen atom apjKirently becomes normal in tliis resiHMjt ; 
and , ammonium salt rorinatioii takes place. This bdiaviour 
could Ije expnsssed by means of the following fonnuhe : — 


icn iro. 


i./ "" 


CJI iiu ' 


,cir 

/■ II, HC-CH Iin 11U--CH 

NJi 1 ^Nii I >NH.Jici 

' \ ILC-CH JI.O-01L 


Thiopliuiiti. 


but in view of other reactions it seems doubtful if tliis view 
can be maintained. 

We come next to addition reactions ; and in this class many 
problems present themselves for solution. The most general 
nile whieh lias been laid down in the iield goes by the name of 


1 WillMtiittor and Waaor. Jkr., 1911, M, 3138. 

* It ohonld bo noted tliat iu such BubutimcoB as pyridine, atomB otLor than 
carbon ones oan form part of tbu ring and still the bunsenoid obarocter 1b 
maintainod to a groat oitont. 

« GolUo, 'iVuns., 1897, 71, lUlS. 
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Michael's Distrihiition Principle,^ Suppose that we have an 
uusaturated molecule which cau ho represented by A — B and 
that another molecule C — D can attach itself to the first one ; 
then it ia clear that wo might have either C— -A— B— D or 
1 ) — ^A — B — G produced os the result of the reaction. Suppose 
that the forces attracting A to C bo represented by oe, while 
those attracting A to 1 ) are symbolized by ad, etc., tlicn it is 
clear that if ae + bl is gi'cater than he + fiff; then tho com- 
pound C — A — B — D will be produced in greater yield than 
tho compound 1 ) — A — B — C. 

This “ principle ” of Michael, however, does not go far enough 
to biing into lino all tho relevant facts. The addition of 
hydroliromic acid to a compound of the typo CH2 : C(OH3)2 
results mainly in the production of 01f3.GBr(C1f3)2 wherein 
tho halogen ntom has attiiclied itself to the tertiary carboi} abjin. 
It is impossible to dissociate this in one’s mind from tho fact 
that bromination of tlic comiKnmd CH3.CH(GH3)2 leads as 
a main I'oacLion to tho (bniiation of CH3 . OBr(CIf3)2, wherein 
tho tertiary carbon atom is again allacked. Obviously there is 
sumo peculiar (iuality in the iortiary grouping which renders it 
attackable; for the parailin 0113.011(0113)2 is as oiisily 
oxidized ns an olefine by means of potassium permanganate.^ 

' This behaviour of a purely aliphatic compound is siiflicient 
to show that th(^ similar reactivity of the “ tertiary ” atom in 
triphenylmcthaue is not due to the iufiuenco of the phenyl 
radicles in the molecule, but depends iiimn some much simpler 
factor. * 

Tho addition reactions of the aldehydes appear to furnish 
ground for investigation. Thoro is an obvious parallelism 
lietween the methods of addition in the Ciises of sucli dissimilar 
reagents ns hy<ln)cyaiiic .acid, potassium lusiilphito, ammonia, 
and the Grignai'd reagent ; for in eacli process the free hydrogen 
atom (or the — Mg . 1 group of the Orignard reagent) attaches 
itself to tho ox/gen atom of tho aldehyde, while the romoiuder 
of the entering molecule fastens itself upon tho carbon atom of 
the carbonyl group.* Abogg^ 'has tried to account for tho 

I Miohnpl* J. jy. Clietn., 1888, II., 87, 524 ; 1899, 00, S8G, 409 ; 1908, 68, 
487; ffer., 190C, 89, 2138. 

Zoliiiflky and Zolikow, lf)01, 84 , 2865. 
r > Abegg, lier., L905, 88, 4112. 
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Grignard raaotion 1)y assuming tliat in GH3 . Mg'. Gi the group 
c Mg. Cl is “positivo/’ whilst the methyl group is “negative.'’ 
This seems to be a more juggling with words ; and it cortoinly 
fails to account for the fact that the groups— NH2 and — SO3K 
appear to have exactly the same “ polarity ” as tlie methyl 
group must have on his hypothesis : — 


II 

\i / + Nils 
O Jl 


It 
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SO3K 
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ir 
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since they behave in prccisidy simlhir manners in tlieir reactions 
with Mie aldehyde molociilo. It is evident that tho solution of 
this pvohleni is still to bo sought. 

Aiuithor liedd of inquiry in addition roactifins is tiint onioned 
lip by the iliaoovery that oxidizing .•i^'cnts and halogen molecules 
ap}»car to act in ontiroly diircmnt ways upon unsatiiratcd link- 
ages.^ The oxidizing agunt attacks a singlu “side” of the 
niolcenie, whereas tlu^ hahigon atoms attach themselves in the 
lranM-]iosilion as shown below :■ - 

W 

Br-CJ 
Itr. 

H 

C-J3r 

' li 

Triti»s-(iild?tion. 


U 

1/1' U 








Oxidnlioii 
> 


li 

/ 

(i-OIl 


11 


li 


V. -im 

1/ 

lyiii-iuMitinn. 


/ 


/ ,, 


B 


/ 


Frankland ^ has suggested that this may ]iq. due to tho utoms 
in a halogen moleeiilc Iniing -separated liy a distance suiricient 
to bring them on opposite sides of the etliylenie molecule when 
they react with it. iStowart" ascribes the phenomenon to a 
noil-simultaneity in the addition-reaction in thb case of the two 
carbons united by the ethylenic linkage. Thus if one carbon 
atom is attacked before tlie other, there, will momentarily be 
formed tbc grouping — 

■ .^^ichael, J. Amer. Ghnn, ftoc„ 1018, 40. 704. 1674. 

- Frankland, aw»M., 1912. 101, 073. 

* Stewart, StereocJtemistrff, 1919, p. 118. 
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and the final sitiiatinn of the second bromino will bo determined 
by the directive firnies which this complex exerts upon the 
entering atom. Ln Stewart's view, thiise forces tend to drive 
the incoming atom into the trans-position. Tlio idienomenon is 
to some extent akin to tliat of the Walden Inversion. 

Other examples of analogous " dii'cctiiig ” ageiicios are to be 
, found in the phenoimMia of tlie Onim llrown Rule * and in the 
field of sU>ni(ich(miistry. TIhls in the case of ihe osterifioation 
of an active acid with an alooliol it is found that the rate of 
reaction lietwcen tlu^ «/-acid and the d-alcohol is different from 
that of the miution butwce.n the d-acid and the /-alcoliol; 
similar results are obaei’vcd in the case of the. breakdown of 
active materials by means of active catalytic agents; and tlie 
influence of directive factors in the case of asymmetric syntheses 
is obvious. Up lo Die piv.seut, thei'u is no “ (^\p1anatioIl ” of 
these things. 

fn a siinilnr class wo may place those cases whoixsifi the 
same I'cagent acks differently ii{Min molecular structures which 
wo symboli/e ])y identical signs. For examplo, we, write the 
same symbol for a double bond whetlier it lie pinsent in an 
ethylonie linkagtf, a carbonyl i-odicle, or a carbon -nitrogen union ; 
yet these tlii'ec types differ entirely from Ciieli other in their 
beliavioiiT towards hydrogen and bromine. It may bo objected 
that although tho howls are written in the same way, we 
mentally interpret tlicm diffui'cntly iu'-cording to tho atoms 
which they join > but as wc have idi'cady seoii,t even tho ordinary 
ethylenic bond is used to cover a number of coses wherein ihe 
reactions of the compounds are opt oven remotely nli)ce. 

Molecular stability is another problem of which barely the 
fringe has been aurvoyed. Why is the compound (1.) extremely 
etable while (A.) is nostalde and (III.) is non-existent under 
the same experimental conditions ? 

* See p. 18. 


t See p. 325. 
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OflHB-N:N-CfllT8 

(!■) 

CIIa-NiN-Oir 

(HI.) 


CaTrB--N:N-OH 

( 11 .) 

(!aHa-P:P--OH 
(IV.) ' 


Mo satisfactoiy theory of Uiis apparently .simple problem has 
yet been sii^gcstccl, nor have we any liypotlieaia which accounts 
for the iion-isolatioTi of the phosphorus analogue (IV.) of 
(liazolienzerie liydrate. 

Again, carbonic acid i.s unstable ; but when a sodium atoni 
is substituted for one of the hydrogen atoms the resulting 
sodium bicarbonate is cpiite a stable compound. Tlie same rule 
holdiS good in the oiso of the analogous sulphur derivative, 
sulphurous acid. Yet in each eiise the salt is more strongly 
diss(M;iated than the parent acid in aqueous .solution. 

Th(‘rc appeal's to Iks some infliionce at work wliicli pi-cwents 
the accumulation of certain aton ic groups upon one carbon 
atom. Thus although totrachloromethane, COI4, and tetranitro- 
niotkano, 0(M02)4. ai'C coinpounds which can be distilled without 
decomposition at ordinary pressure, the analogous tetra-amino* 
derivative, CJ(NTT2)4, is unknown ; and reactions lending to its 
formation produce only guanidine Nil : C(N 112)2. 
of four hydroxyl radicles attached to one carbon atom the 
decomposition goes oven further; the compound 0(011)4 breaks 
down instantaneously in oi-der to yield carbon dioxide and 
water. 

In a minor degree this instability Ctin be traced in certain 
otlior reactions. Chloroform is iinatlectcd by alkali bisulphites, 
whereas chlorepicrin reacts readily to yield trisu1phr>iiatos such 
as H. C(S()3K)3, so that evidently the introdnetion of the iiitro- 
group Ims lowered the stability of the oomiKuind. 

As an oifset to this, the stabilizing action of a chlorine 
substituent may be noted. At ordiimry temperatures acetalde- 
hyde forms no stoble addition product with w^Aor ; whereas the 
hydrate of chloral is comparatively stable : — 

CIl 3 .CIl(On )2 • CCl 3 .cn ( 0 H )2 

UnHiablo. Stable. 


It appears that an extension of our knbwledge of the 
stabilising and unstabilizing inlluences of various substituents 
in inuthano might open up a very iutorcsting lino of research. 
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Intramolecular uliango * furuiahei) one of the most* interest- 
ing Holds for spoculatioii in organic cliomistiy. Two problems 
oie evidently iuvolvod in the question: for we may mqnire, in 
the first pjaco, why one particular structure is more stable thasi 
an isomeric form ; or, secondly, we may endeavour to conjecture 
the mechanism of the prociiss whereby the one isomer is con- 
verted into the other. Let us take certain well-known examples 
of intrainoleculur changes and see if they can 1)0 accounted fur 
by any general principle. It will be suflicient if we examine 
the pinacoiie change, the licckmann roiirmiigeiuout, the beuzilic 
acid change, and the hydrubenzoin change. 

All these four types of I'earraiigcmeut within the molecule 
can he Ijrouglit into line if it bg assumed that the fimt stage in 
the miction consists of the addition of an outside migeiit, which 
for the sakp of simplicity we may regaril as waUtr. The changes 
would then he ex})ressihle as shown lielow ; and the parallelism 
between them is i)hvioiis ut a ghimu) 
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* Fui: Buino gouenU views on iutruiuolucular change sco LapworUi, Trans. 
1898, 78, 446 ; and Tilicnoau, jRevtje gm. d. Sdences, 1UP7, 683. 
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The foot that all four reactions can be represented in a 
common system seems to point to tfie probability that this view 
of the niudiauiam may bo ncai‘ the truth ; and it is thoroibre 
Wortli while to examiuo the matter rather more closely. When 
wo look at the intramolecular roarrangomonts demanded by this 
formulation, it is clear tliat in each case there is a tcndeiioy to 
accumulate hydroxyl radicles upon a single carbon atom instead 
of allowing tlicm to remain distributed evenly throughout the 
iiiulociilu. Such a grouping is unstable, os is well known ; so 
iliat once it is formed it would bt) liable to break up, and would 
not be refonued to any extent by a back-reaction. 

The conversion ^ of pinacoliiie alcohol, (Cll3)gG . CH(OIl) . 
CII3, into symmetrical iuti'ameUiyhethylcue, (0113)30 : C(CH3)3. 
is evidently another process wherein some intciuiediatc stage 
must occur ; since the direct elimiiiation of water w'ould lead by ' 
analogy to some such compound as ( 0113)30 . OH : OH2. Possibly 
the course of the reaction is as slu wn below ; — 

(CJlglaO OII3 (0113)30 OH (OIIsljC 

I I -Jl,0 

i yOil — yCIl3 - 

Cl I,- C- II OH, -C-II (CH,),C 

The inertness of the carbonyl radicle in compounds sucli' 
us acids, acyl chlorides, amides and imides is very striking, 
esiHBcially when the mai'kcd reactivity of the ketonie gronp in 
pyruvic acid is borne in mind. In this ease there can haidly 
be any “‘positive " or “ negative ” property of the substituent 
involved : a chlorine atom paralyses the carbonyl group whilst 
the (jqually “ negative ” carboxyl radicle in no way interferes 
with the carbonyl reactions ; while the “ positive " amido-‘:’adicle 
has tlic same ellcct as the “ negative ” halogen atom. 

In concluding this chapter it may be well to draw attention 
to a number of specific cases * which require further investiga- 
tion. Some of these may bo mere examples ^ polymoiidiiBm, 
but there are others which cannot bo accounted for upon any. 
such hypothesis. * 

From viscosity measurements,^ it appears that zdtrobenzene 

■ Zollnski aud Zolikow, ifer., 1901, 84, 8360. ^ 

* I am iudebted to Professor Smiles for somo of the following examples. 

■ MUlilctibcin, Ueher dit innere Eeiiung von NicJiteUsirolgtent p. 67. 



SOME UN.\OLVED PROBLEMS 339 

• » 

ezuts in two difforent forma, though Uie spectra of these appear 
to be identical.^ There are two forms of o-uitix>tulueiie, o-chloro- 
toluene, o-bromotoluenO| o-toluidiiio,^ uud> o-chloruniiilinc.‘ Two 
forms of lienzophenone exist; aud uumoroiis other examples 
are quoted by Knoevenagel.^ 

Two varieties of 4-quiiiolinic acid appear to liavc been 
isolated wlilch form dilTerent salts, nihydroxy-diiiaphthol 
sulphide exists in two forms which differ from each other in 
the reactivities of the hydroxyl groups and sulphur atoms.^ 
A similar cose has been observed in l-chloro-4>nitroiiaphtlialene, 
wheruin the chlorine atoms have quite different activities in 
the two varieties. Tlie more complex phenanthieiio nucleus 
exhibits analogous phenomeuii, for 3-phenauthrylamine ^ exists 
^in two forms each of which gives rise to a uhai'actcristic scries 
of salts which on decomposition legeiierate the isomer fimn 
which they were prepared, although both forms of the parent 
amine give rise to identical acetyl derivatives. 

Enough has now been said to show that even among the 
simplest problems of organic chemistry there remains, despite 
all the work of the past fifty years, an extremely fascinating 
field of inquiry. It is one which especially lends itself to the 
liropouiuliiig of hypotheses ; but it should be rcmombcriid that 
unless an liypothesis suggests lines of further research it is in 
itself likely to be of little value except as a lielp to the memory 
in grouping the known facta in a simpler form. * 

1 Crymblfl, Stowart. luid Wright, Uer., lUlO, 43. 1183. 

* OHtroniiHsloutiky, ZaiUtcU. iihysikai, lUOC, 67, 311. 

^ Knouvouiigol, Ber., 1307, 40, 008. 

* Knoovonogel, Enltvickluwj d. Stereocitemie gu ciiuir Moloslercoclutniet 
1007, p. 213. 

* HenriquoH, Bir., 18'Jl, 27, 2303 ; Christopher and SiiiiloK, 'hnim., 1312, 
101, 710 ; Crymblo, Boas, and Smiloii, i6ir2., llIU ; Nolan and SiiiiluR, ibid., 
1420. 

* WexnoT and Kuntz, Ber., 1901, 84, 2825. 
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«poctm, 21, 21 
Acntalaniino, 164 
Acctoaootio aci<1. 262 
„ ofitflr, 26G 
• Acotono, (liparlw\yli<: cstor, 126 
Adoioplicnuno, L2() 

„ chlorido, 12li 

Acctovcrairoiio, IMH 
Ac(it.ylaootoiio, 26G, 267 
Arciiyltulipic oHtoc, 62 
Acctyltjluliaric ostor, H2 
Acotylflaocinic oalcr, 31 
Acid alliumonH, IIM 

Aoiilio liydroj^on and iinflaliiratinn, 321 2 
Addition rcac.tioiiH, 2l:i, 332 lY. 

Adoiiiiin, 125 
AilnuinJino, 0, 181 3 
AdroiialoTK', 1H2 3 

Antioiiliylliii, 2a6, 203, 212, 211 IT.. LMM 
Anliopuriihorin, 206, 208, 21 1 IT. 

Af'inaliiu!, 182 
Alniiiiii', 18ii 

„ loiicinn, 180 

Albuiiiins 134 IT., LOI IT. 

AUniindr-M, lOi, 230, O'!!) 

Aldul (londfliifuitioii, 211 
Alkali alhumciiH, 103 

Alkiiloid lionHlitiiliniis, iin'Lliods of tlftoriiiiinn}', 1I8 IT. 
AlkaloiilH, 117 IT. 

,. dorompositions of, 110 IT. 
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„ fjonoral proi»ortii-(; of, 1 13 
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„ pIionantliFciio group of, 158 ITji 

„ production of, i?i natiiro, 285 IT. 

„ pu[inn group of, 183 IT. 

„ pyrroli^no group of, 120 IT. 

„ quinolino group of, 129 IT. 

Allantoin, 171 
Allomoriijiition, 210 
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AUomeudoeodolne, 163 
Alloxan, 171 
I Amldo-nraoil, 170 . 

Amlno-aceto-voratrone, 138 
„ -acids from proteins, 194 
*„ „ natoTU formation of, S73 ff. 

„ „ HMolation of, 186-7 

„ -alcohol coiidonHations, 242 
„ -anthroquiuono, 7 
„ cthyl-glyoxalino, 1H2 
Aminoinnlonyl nroa, l(i8 
Amiiio-iiicthyl-glyoxaliiio mercaptan, 179 
„ „ arsenic oold, 9 

Auiinopyridiiio, 123 
AnipoloHln, 228 
Anhydrocainphoronic acid, (ifi 
AniHaldchydo, 181 
AntJiocyaiiuliiis, 220fofltnotp, 221 
Anthocyauiiiri, 4, 2J7 if. 

,, and colour variation, SK) 

„ and llavonuH, 220, 229 

„ complex salts uF, 291 

„ cxti-actioii of, 218 IT. 

„ glucosidal nature of, 21H, 2*.*.^! fl. 

„ Tnetullie derivatives of, 2.MI 

„ of various Howers and fruit'^, 225 If. 

Apioso, 269 

Ayocaiiiphurie acid, 68, 79, 74, 81, 82 

Apophyllcnie acid, 145, 155 

AruhiiioHQ, 272 

Arginine, 182 

Artificial camphor, 77 

Asterin, 227 

Asymmetric carbon atom, Ifi 
„ sytlicsos, 18, 101 
Asymmetry, origin of, in nature, 215 
Atonl^v catoiialiiig pmvers of, 92.5 IT. 

Atoxyl. 8 

Atrulaciiiilo ethyl ether nitrile, 126 
Atropiu ooid, 126 
Atropine, 127 
Aziketen, 27G 

IUrbituric acid, 1G8 
Boctkinann change, 244, 997 
Beer's Law, 286 
Bonxoiic. 12 IT. 

„ Kulmtitniiou problem, 19 

„ Thiolu's formula for, 13, 

Bouzonoid character, 931 it. 

Benxilio acid change, 214, 271, 237 
Bonsiinidoisolo, 174 
Bonspyreno compound, 2.58 
liensyl-hydrocotamino, 149 
Berberino, 160. 1C&-7 
Bile pigment, 4 

Bishydroxymothylono-acotono derivatives, 259 
Biurot roaction, 192 
Blood pigment, 4 
Bonds, oonjumtod double, 12, 23 
„ variation in strengtli of, 325 
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Borneol, 61 ff.,'67, 81, 82 
Boniyl aloohoL Bu Bornool 
Bomyl ohloride, 67 
Bon^l Iodide, 62 
Boxnylene, 62 

BEomoBnhydroounphoronlo olilorides, 65 
Broxnooampliene, 67 
Biomoounphorio oold, 69 

„ ailbydrido, 66 

** Brown phase " of ohlorophyll, 208 
Bruoino, 18 

Batadieno robber, 112, 114, 116 
Butyl alcohol, 112 
„ chloride, 112 

Gada^rinr, 194 
Caffeine, 172 
CaUistephin, 227 
Gamphaiie, condtitiitioii of, 62 
Camphanin acid, 64 
Gamphene, 66 ff. 

„ dilironiido, 67 
, niiro-nitroHito, 68 
„ nlLroRito, 69 
„ ozoiiido, 69 
Garaphonio acid, 68, 69, 7<i, 86 
CamphcTiilan nldcliydu, 68 
Camphoniloiio, 68, 69, 83 
Camphcnyl nilrito, 68, 69 
Gomphonylio acid, 93 
Gainphoic acid, 68, HI, 83 
Campholic acid, 63, (U 
GaiuiihoUdo, 69, 63, 64 
Gamphor, 67, 60 -1, 63 (T., 69 
„ artificial, 77 

„ synthcftis of, 2, (iO 

Gntnplioraiiic ludd, 65 
Ottinphoric acid, 57, 0.3, 64 

„ „ racciuiKalion phonomnnn of, 59 

„ „ Hyntlicsiit of, 2, 67 ft. 

„ anhydride, 60 
Oamphoronic nc.id, Gt, G6 
Cooupronn bromide, 116 
Garbasolo, 303 

Oarbethoxy-glycylglycyl-loucino ostor, 188 
Garhocinchonioroiiic acid, 187 
Carbohydrates, 3, 2,36. 236, 238, 239. GiO, 245, ‘>62 
„ and ]ilnnt pimentH, 263 

II II polykntidos, 269 IT. 

II II pyridincs, 262 

It II Jjyronos, 262 

„ vital syntheses of, 245 

Carbon atom, asymmetrio, 16 

„ „ catenating property of, .3‘48 ff. 

„ „ tertiary, 338 

Oaro's reagent, 9 
Garone, 47, d(l 
„ oxime, 47^ 

Carouic acid, 47 
Carotin, 1^ 

Carvenone, 102 
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Carventroun, 44, 102 
Carvonu, 84, 4G, 103 
f Carvoxinifi, 34 
Caiylaniinu, 47, 4R, 80 
Catoiiation, i)owor of, 338 ff. 

CeliuloBO, 3, 336 

Cliain-foriniiis capacity of atoms*, 323 IT. 

ChiiiuBo tannin, 8 
Chloraootal, 164 
Chloral hyrlralo, 330 
Clilorophyll, 6. 107 IT. 

„ action of acids* on, 200 IT. 

,, „ „ silkiili on, 305 IT. 

„ allonicriRation of, 210 

„ ninorphoiiM, 108 IT. 

„ “ brown phosto ” of, 308 

„ crystalline, 108 IT. 

„ o.xtraction of, from plants, 108 

„ intramoleculsir (‘.haiigfis of, 308 IT. 

„ lactam foTmation by, )8 IT. 

, „ mo^iusiuin sitoiii in, 2<^i, 210 , 

„ of brown alfjoc, 1 09 

„ summary of uvideul^c on, 313 T. 

CljloropbvU-A, 303 IT, 

(:h]oropliyll-/i, 203 IT. 

(3iloropliy]Iasi\ 300, 30L, 313 
CliiurophylliUu, 301, 305 
Cliloropliyllido-a, 300-7 
('lilu|:opli;'lliri, 198, 305 
(.Uiioraphylllii'rf, 300 7, 309 
I'liloropieriii, .W* 

Cbroiiuiiiij^eii, 195 

('hromiiini, optically at'lise I'oinpoiiinl'* of, 10 

(Mmimoprutoins, 198 

(Jhrynantliciniii, 338 

Cinchene, 1.81 

Ciiir]iul«i[Kniic acid, 13L 3 

Cinchoiiii: lutid, L39 

Cinehuiiidino, 135 

Cinchonine, 129 

„ “ s*:scond half " of, 180 

Cinclioticniiic, l.'ll 
Cincliotoxiiiu, J8.‘l 
Cincol, 42 IT. 

Cincolic sicid, 48 
„ anhydride, 48 
Cis-torpin, 41 

„ dibromido, 1 1 

„ its conversion into trnns-terpiii, 4i 

Citral, 94 ff., 97 
„ group, 89 ■ 

4 Btorooisomorisun, 95 
Cltronollol, 80 fT. 

Citrouolln oil, 80 
Citronollic acid, 98 
Gitronollul, 80 

ColMlt, optically svetivo roinpounds of, 10 

Gocaiiiu, 129 

Codeine, 158, 169, 101 

Codeinoiio, 104 

Concbiulne, 135 
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Goiidcnsation roactiuiin, 24 1 
Coujugatcd duublu boiidt*, 12, 2ci 
„ proloinH, 19:1 
Ooujugaliun, Hpuiiikl, 21 
Uoiiatitiitivo properties, 2U 
Cotarnic ocid, 143-4 
Cotaruiiio, 142 If., 150 

„ coustituliuii, 142 if. 

„ syiitliosis of, U(i If. 

„ tautoiiicric. forms of, 1 1 

(.'otaciiuliicluMe, 143 -4 
Cubuniomothiiie mobliyl iodide, 113 5 
Cubariioiiu, 143 4 

Crum lirowii and Ciibson UjU', 13,3.‘).'i 
(Jrypbupyrrul, 211 
Crysballine uliluropliyll. I'JN If. 

Cyaiiauebyl-urea, 109 
Cyniiidiii, 220, 223. 220, 227, 228 
„ and Mio (:.arl)oliydri&les, 20-1 
„ as an indirabor, 22.3 

„ i-liluridi', 220, 221, 223 

„ eon itibubioii of, 220 

,, prijperti*'*. of, 222 

„ syiiUiusis of, 220 

Cyaiiin, 220 If. 

„ cliloride, 220, 222, 223, 221 
('•}anopliyl]iii, 205-7 
Cyanuporpliuriii, 205 
('ycliu cuiiipuinids, rigidib} of, 331 
Gyclocitral, 90 
Cydogoranie utsid, 92 
Gyi'lu-uctndionos, U>H, 110, 110 
Gydo-oetatutraoiio, 331 
Gydo-puiiladiunc, 312 
Cystoinu, 194 
Cyslinu, 19-1 
Gylosiuo, 195 

Dluvihiacetjc acid, 252, 257 

„ „ bailie of ib>. derivalives, 2.‘>S 

Dubydrocunipiiorio acid, 5H 
Dchydroxynaiditiiaiciio u\idu, 311 
Ddpliinidiu, 225, 220, 22H 
Dclphiiiin coiislilulioii, 225 
Dcpsidcs, 4 
OialicloH, 272 

Diaci'boiiu liydruxyJainiuu, 5.5 
lliocutybicebouo, 242, 255 

„ dorivabivci., 242, 255-2 

Diacubyl-di inobliylpyrouu, 257 
Diocubylorcinol, 2^ 

Iliaiuiuourocil, 170 

„ iirobhano, 170 
Diazo-acobic ester, 77 , 

Dibromucobinino, 121 • 

Dibromobicouiuc, 121 
Dicyolo-ocbAdiono, 108 
DifaydrocaiiiphoA), 0.S 
Dihydrocar vool, 36 
Dihydrocarvone, 46, 80 

„ hydrubrumidu, 40 
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DihydroDicotyriiio, 124 
Dihydroxycamphoric iMicl, 58 
* l)ihydroxydiomiiio-usi»ioboiugouo diliydroohloride, 8 
Di-iflopreno, 85 
Dikotcwpocauiphorio OBtor, 67 
DiKofeocauiphorlo oslor, 67 
Diketopiponufino, ItX) 

Dimethozy-protooatochuio aldohydo, 22{) 

Diinotlioxy-quiuoliiio, 186 
Dimcthyl-olleno, 84 
Dimothyl-anilido-duulphido, 810 
„ homocatcchol, 13G 

„ iioroaiiiplioiido, G8, GO 

„ pyiono, 252 fl'., 256 

„ „ couBtitutiou uf» 254 

salty, 240, 258 
I'Hpontoiio, 32 ff., 84 

„ action of nitrosyl cblorido on, 88, 37 
„ constitution of, 32 IT. 

„ liydrobnnnide, 42 

„ niirosoulilorido, 83-1 

J)ipUciiyl-bonxidiiio, 802, 806 
„ ' -othyloiio, 325 
„ -hydrasyl dorivativus, 6, 800 6‘. 

„ -hvdrozylamiuo, 80H 
„ -iiitcogou oxido, 808 
„ -tliioindigo white, 283 
Divalent nitrogen, 804 

Double bonds, aotiou of nitroyyl olilorido on, 33 
„ „ „ „ hydioxylamlne on, 318-0 

„ „ .. II o*ouo on. U 

„ „ roaotivitiCH of, 325, 385 

„ „ conjugated, 12, 23, 324 

„ „ tlioir Iwhavioar on oxidatiou, 2'J 

„ „ their iuUunuco on hydrogen aiojUH, 822 

T)oublo refraction, cloctrio, 24 
DrugH,1yyiitliotic, 8 
Dyes, vat, 6 


KaaOMiNK, 

Electric absorittiou, nnoniuloux, 24 
„ discharge, silent, 26 
„ double nifroctiou, 24 
Electronic focmultc, 2, 320 
Eiiaymos, 104, 105, 200, 201, 243 IT., 247 
Ergot derivatives, 181 fi. 

Ergotinino, 181 
Ergotoxiue, 181 
Erythropylliii, 205-7 
Erythropoephorin, 205 
Eyterfioation, soloctivo partial, 17 
Ethereal oils, 20 
Ethyl chlorophyllido, 201 

Ethylene, action of silent eiootric ^ 

Buoaine, 9 

Elxhaastivo mothylation, 120 


Eats, natural syuthosis of, 271 
Fenohenos, 78 n., 81, 82 
Fonohooanrolunono, 78, 74 
Fenohone, 70 ff. 
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FenohoBantenooe, 7S 
Fenohyl alcohol, 1% 78, 81 
„ ohlorido, 78, 74, 81 
FoKmonts. See EnKyiucs 
Flavanthreno, 7 
Flavouos, 4, jl29. 263 
Flower pigmmts. See Anthocyauiiis 
Flowers, colour varioty iu, 230 
Fonnaldohydu, 246, 267 

Formula:, viown of Guuiior aud Kekulu ou, 815, 818 
„ olootronio, 2, 320 
„ linplioatious iu iiiudorii, 317 
Froo nidiulos, chumutry of, 27'J It. 

Fulvoncs, 826 

Gaixio acid, 3. 143 
Gorariial, 100 
Gcranic acid, 80, 91 IT. 

Goraniol, 07 if. 

Glauoino, 165 7 
Glaucophylliii, 205-7 
, Glauooporphoriu, 206-7 
Gloldu, 212 
Globulins, 193 
Globulosb, 104 
Glucoprotoins, 193 
Gluoosamino, 194 
Glyuyl, 188 

„ chloride, 190 
Glyoylfflyciuo, 188, 190 

„ carboxylic osier, 188 

„ osier, 188 

„ Kbciiio, 100 

„ louciiic, 188 

Glycylglycyl^lycylglycinc carlioiliuxy-csiur, 188 
G1ycyii;lycyllcuciiio carboxylic osier, 188 
Glyuxal, 174 
Glyoxaliue, 174 

„ alkaloids, 170 IT. 

Gnoscopiiio, 162 

Grigiiard reaction, 8, 20, 31, 32, 39, 40, 161, 204 
Guanidino, 336 
Guanine, 106 

HAEMATIC acid, 211 
Haemaihi, 212 
Uaemln, 6, 212 
Uemipinio acid, 142 
Hemiteipenes, 26 

Hexahydrociuchomoroiiic acid, 131 
Hex^enyl-oihano,^, 286, 300 
Histi^no, 179 
Histones, 198 

Hbrnocomphorio aoid, 61 ^ 

Homopilopie acid, 176 • 

Homopipttonaldoxime, 166 
HlBfaiopiporonylainlno, 166 
Ifomoprotooateohtto acid, 188 
Hbmoterpenylio add, synthesis of, 32 
„ „ methyl ketone, SO 

HomoTeratrio aoid, 188 
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llomoveratioyl clilorido, 198, 15G 

„ -amiuo-acolio-vorairjuu, t3‘J 

„ -hydroxy-homovumbrylamiuu, 13U 

Horcloninu, lHL-2 
llydrastiiic, 155, 1U6, 1G7 
liCyilraHtiniuo, 154 
ICydrochlurutropio acid, 127 
llydroclilococarvoxiino. 77 
Hydrocobariiim*, 111, 150 
liydToLydraHliiihii), 154 
Hydruxy-acids, iKiliaviour of, 317-8 
Hydroxyciiinpliuruiiiu acid. 05 
llydroxydiliydrogeraiiic acid, 01 
Ifydroxyctliyldiiuctliylauiiiiu, 100 
Hydroxyfoncliuuic acid, 73, 74 
llydroxylaiiiinc, 01 

„ and duiililc. Ihiiu1»«. 51 

Ifydruxymciitiliylic acid, 60, 52 
llydruxy-nuLilitLylciio oxide, 311 
Hydroxy pliunylctiliylaniinu, 181 
] lydroxy tclniinothoxyclialkuiia, ‘Jl'O 
llydroxylriiuuUiylijlutitric ostcr, 05 

IIMKIM, 228 

liidaiillii'oiiu, 7 
Tndiiinihbor. Sea lluLbcr 
Liidiuaturrt, 15 

liitramolouular cbaiigus, 14, 15, 11, 17-8, 07, 70, 74, 78, 70 IT., 211, 337 
lunono. 07, 06 

Iron, uLilically active cuiiipuuudrt of, 10 
J rune, 07 
rsolMiriiooI, 02, 07 
[bucaiiiplionilaii aldehyde, (}.S 
fsucaiiiLiliunilanic acid, 08 
Isucaiiipliuric acid, (iO 
lauchloruidiylliii-a, 200-7, 200 
Imocu^oiiic, IfiH 
Jsocryptoiiiiie cliloi'idc, 100 -7 
isoliuuiiiopyrrol, 211 
iHoincrri, unexplained, 330 
luoiny ristieiji, 117 
iKopihxsurpiiii.-, 178 
Isuprciiu, 84, 108, 112, 113, 11 1. 110 
„ poliimrixalicii uf, 85, 103 7 

„ Hyiillic».cK uf, 81 

Isopulcgol, 87-8 
Isopulcgoiiti, 83 
iKotiuiiioliiic alkaloids, 135 IT. 

Kamimikiiol, 220 
Kcrocyauiii, 228. 

Kuraiiu, 103 
Koteim, 5 

IjACTAm rings in cliloropliyll, 200 ' 

Liuvuliiiic acid, 107 

„ ivldohydo, 107-8 
Laudaiiosiiio, 140, 165, 100, 107 
Lead tutruxylyl, 301 
Lead trixylyl, 301 
Lepidino, 131 
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Leoifehoprotoiiis, 199 

Lencyl-ootogj’loyl-glycine, 191 

Iieuoyl-triglycyl>leucyl-<ictagly(!yl-glyciiie, 191 

LbUoyl-tTiglycyl-lcucyl-triglycyl-leucyl-octaglycylglyoino, 191 

IJgnocolluloses, S89, 240 

Limoneuos, 87 

Linalool, 97 

Loipmlo Aoid, 181 2 

Luoiinosuence, 21 

Lutidoiio, 26H 


Maunk:i'1c rotary powor, 28 
„ ssUBCoptibility, 24 
Aloloiiylurcii, 1G8 
Malvin, 22H 
MarkownikoiT Rule, 40 
Meoonine, 142, 161 
Meoocyanin, 22H 
liloutLouti, 61 iT. 

Monthoi, 61 IT. 

Montliono. 48 IT.. 91 

„ decuiiipORitioii products of, 6i) 

„ from rhodliial, 94 
„ syntbcHiB of, 48 
Morcury raonowlont, 918 

„ pboiiyl irifrciiptidu, 81 1 
Meroquiuono, 129 IT, 

Menityl oxido, 64, 918 
„ oxime, 66. 819 
MoBoxnlyl-uruu. 171 
Metaproteins, 199 

Metboxyl groups, o<itimntioh of, ll'.< 

Metbyliition. uxliaustivo, 120 

„ in \ital syiitbosos, ‘246, *207 
3iFotlivUs>clolie\auojio, 50 

Mctbyl'Otliyl-iiiiilonic !u;id in aHyiiiniotric syiithi-bis, Ih 
,, heptoiioiio, 41, M9 ff., 9!) 

„ imiuo-gi'onp’«, (lolcnniii.iliou of, 119 
„ meruary olilorido, 319 
„ Tnorphimethine, 169 
„ tior-cainphor, 72 
„ pyrrolidino, H4 
„ ttotrahydropupuveriiio, 140 
Molecular asy'nimetry, 16 
„ rigidity, 331 
„ HtabiUty, 396 
Morphine, 168, 161, lfi6-7 
Morphotbebaine, 164 
j^Eyroone, 116 
Myrioetin, 281 
Myrlcitrin, slsi 
Myristicin, 146 

„ aldebydo, 147 
MyrtiUln, 228 

iTabcbVnz, 462, 166>7 
Narootine, 141, 942, 161-2 
Neral, 100 
Netol, 97 ff. 

Nucleic acid, 198, 195 
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NucleoprotolQB, 108, 106 
Nicotine, 190 ff. 

Nicotinic acid, 121 
Nicolyrino, 123 

Nitrogen compounds, op^tically active, 16 
1 „ divalent, 800 n. 

„ quadrivalent, 908 

Nitrometliaiie, 14, 15, 166, 181 
Nitroso and iso-nitroao derivatives, 38 
„ diphonylamino, 808, 305 
Nitrosyl chloride, 88, 77 

„ „ action of, on double bonds, 88 

Novooaine, 9 

OCTADBUAPJfiirriDB, 191 
Oenin, 228 

Olefinio terpenos, 84, IT. 

Opiniiiu aoia, 141 
Optical rotatory powe.., 16 ll., 21 
Oroinol, 266, 266, 258, 2G1. 8cc also Fhoudo-orciuol 
Oxouos, 222, 254 
Oximidonialonylurea, 168 
Ozoiiic aidd, 171 
Ozouiuui Halts. 222, 281, 25:1 
Oxygen, monovalent, 311 
„ quadrivalent, 253 
Osonides, 9, 10, 107-8, 111 

FAPAVKBiMa, 185 IT. 

„ natural formation of, 267 
Piipaverollne, 136 
Partial valcndch, 1 1 ff. 

Polargonidiii, 226, 226, 927, 229, 280 
Folargoiiin, 225 
Pciitaudycylglyciuo, 191 
Peouidin, 228 
PcouiQ, 228 

Pentaplienyl-cthano, 288 
PontOHuria, 272 
Peptones, 194, 289, 240 
Peraxine, 302, 307 
Potunln, 228 
Phieo^orbldeR, 204 6. 

Phesophorbins, 204 ff. 

Phieophytins, 204 fT. 

Phenolphthaloiu, 15 
Phenylbiphonyl-a-naphthylmethyl, 286 
Phenyldisulphide, 309, 810 
Phonyl-xonthyl, 285 
Phospboprotciiis, 198 

Phosphorus, optically artivo compounds of, 16 
Photochemistry, 26, 246 * 

Fhthalldc. 60 
PhyUophyllin, 206-7 
Phylloporphorin, 208, 211 
Phyllopyrrol, 211 ^ 

Physiou properties and chemical constitution, 22 fl. 

Phytenio acid, 202 . 

Fhytoohlorin. 206 
Phytochlorin^, 200, 908 
Phytbl, 199, 201-2 
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Phytorhodin-fl, 20B 
Fhytyl alcohoL See Phytol 
„ cUorophyllido, 201 

Pigmaiita, pluit, 217 fi., 268. See also Anthooyanins 
fiastid, 217 
„ ooluhle, 217 
Pilooarpidine, 175 
PllooaTpma, 176 
FUoplc acid, 175 
Filosine, 175 
PlloBinine, 178 

Pinaoone rearrangement, 244, 337 
Finene, 75 ff., 312 

„ hydrochloride, 66, 77, 82 

„ mtrosoohloride, 77 

Pinic acid, 78, 79 
Pinol, 75 
Pinolt^ycol, 76 
Pinonic acid, 78, 79 
Piperonal, 154, 156 
Piperonalauotalninine, 154 
Piporyleno rubber, 114 
Plant ayiithoses, 234 fl. 

Polykctidcs, 251 1!. 

„ table of derivatives, 258 
Polymorisiitinii of othylono, 26 

„ M isoprone, 85, 10:3-7 

„ „ keten, 5 

„ „ rcartionn, 210 

Polypeptide syntheses, 186 ff. 

Polypeptides, 3, 184 ff., 230 
> ,, dodiiition of, I8G 

„ properties of, 191 

Proliiie, 194 
Proslhetlo groups, J03 
Prolamines, 303 
Proteins, 3, 192 ff. 

„ vital hyiitbosofl of, 239, 272, 276 
Proteoses, 104 

Protocntcohuic aldehyde, 182 
Prunicyanin, 228 

Pseudo-acids and psoudo-bnses, 14 
„ Lodeiuc, 161 
.ionone, 07 
„ jiiboriiie, 175 
,, naoeine, 162 
.. oroinol. 256 
„ pilocarpine, 175 
,, tropine, 125 
„ uric acid, 169 
Fulegone, 64 fi. • 

Purine, 173 

Pmine alkaloids, 168, 239 
„ derivation of name, 168 
„ nomenolaturo, 178-4 
„ synthesis, 178 
Vntresdno, 194 
Fyridylpyrrol, 12B 
Pyrone, 269 

Pyiones and carbohydrates, 262-3 
P^l,883 
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Pyrrol doriTaiives, natural Kynthenn of, 20S 
J'yrroliflino alkaloids, 120 IT. 

Pyrropliyllin, 206-7 
PyrroTOrphorin, 205, 203 
Pyru\MC acid, 275 
Pyryllium nucleus, 222 

QUBltCillTlN, 220 1 
Quinine, 136 
QuItigIus, 293, 307 
Quiuoliiic, alkaioidfi, 129 fT. 

Quinoline Iiulf " of ('iiicljoninc, 130 
Quitiono, isoraoric foriUK of, 310 
„ moiioxinie, 310 

Ui'.AcnviTr, 21 

ilitiircaiigciuoiit, intramolecular. Afn* Intrami'luculiir Cliciigcs 

il(>friU'.tioii, electric: double, 24 

llcfroctivc iiidc'X, 23 

licsolutiuii iiictliuds, IT 

lUiiiinnosi', 228 

lihodiniil, 92 IT. 

Rbodiiiie acid, 92 IT. 

Ithodiiiol, :I2 IT. 

Tlliodoiiliylliii, 2a'i -7 
Uluidopofplioriii, 2urt, 203 
Uliudiiim, optically active coinpoumls of, lO 
Itosanilino, 233 

Itiibbcr, Aiiglo-Frcni'li ayiitbohis uf, 6,111 ll. 

,, 'iroino-diiri\ativc, 110 

„ coiiKtitntion of, 107 IT 

dili><1i‘ocliloi'u-dcnvul.i\e of, 109 
,, liibtury of, lo3 IT, 

,, natural fl lid Hyiiiilielic, ll.'t 

„ oxoiiido of, 107 

„ propcrtic's of, UlO IT. 

„ 'tynthetic, 103 IT. 

„ vulcaiiihatiuii of, 107 

llule, Miirkuwuikuir'c, 10 

SAUATJKit and Sondcruns’ rcMiction, 9, 09 
Salvarrinii, H 
Salviaiiin, 227 
Sc.'loroprobuins, 19.-) 

*‘Seooml half ” of ciiichoiiiiio, Idd 

Sclciiiuni f'ompouiids, uptiually active, 10 

Scmipcriuc'alilc incnibi:anc<, 230, 238 

Sesquiterpeiion, 20 

Silent elcMiti'iu cliscliiurgu, 20 

Silicon compounds, optically active, 10 

Soumiii, H 

Sobrorol, 76, 76 ' 

Sobrory til rite, 76 

Spatial con j nation, 21 

Spectra, absorption. Stv Alisorption spectra 

Stability, molecular, 330 

Starches, 235, 230, 237, 219 

Stereooliomistry, IG fl. 

Stovaine, 9 

Substitution in bonaeno iiuoloun, 13 
Succiudialdcbyde, 124 
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Snocindlaldoxlme, 124 
Sugan, dynamic formulsB for, 260 

„ prodootlon of, from formaldehyde, 246 
„ relation)} of, to kcton group, 259 
Sulphur compounds, optically active, 16 

„ dioxide, conductivity of triphonylmothyl ealts in, 296 
„ moftovalent, 309 
Sylveatcene, 48 


TAnniMB, 3 

Tautoraerisin of triphonylmethyl, 295 IT. 

„ „ tctra-arylhj'dra^iucs, ’i05 6. 

Torobic acid, 31 
Terpenes, 2G IT., 289. 240, 269 
„ classiiicatioii of, 26 

„ dioyclic, 57 fl. 

„ general properties of, 27 

„ intramoieculac ceactangotneuts of, 41, 47 -8, 67, 70, 74, 78, 79 IT. 

muiiouyolic, 2fi IT. 

„ nomenclature of, 26 

natural syniihcsca of, 269 
„ olefiiiic, 84 

„ table of relations lietwcon, 102 

Terpuuogons, 84 
Torpenylio acid, 31, 75 
Terpin, 39 IT. 

,, dibromide, 41, 75 
„ liydratc, 11 
Terpinoiics, 39 

Torpincol, 27, 32, 78, 79, 99, 101 
., decompuhition of, 29 
synthesis of, 27 
Terpinuleiio, 38 
Tertiary grouping, 333 
Totra-arylhydraisines, 301 If. 

Tetracarliunimido, 171 
Totrucctic acid, 262 
Totnidocupeptide, 191 
Tctraliydroliorbori no, 1 57 
Tctnuuotboxyllavuiione, 220 
Totrauibromethane, 16, 298, 336 
Totrapoptido dorivativu, 188 
Tetrapliiieyl-othaiie, 288 

„ -liydrajsine, 801 (T. 

Thobaino, 158, 161, 164, 166 -7 
Thoboniuo, 161 
Theobromine, 172 
Theophylline, 171 
Thiele's bonsouo forinula, IS 


„ theory, 10 fl. 
Thionyldinheiiy Imoth 
Thioindigo, 7 * 


ano, 299 


„ scarlet, 8 
Thienyl ohloride, 189 
Thiophene, 332 


„ analogues of triphonylmothyl, 299 
Thymine, 195 

Tin compounds, epticully active, 16 
TranB-terpin, 41 
Triocetio ooid, 253 


lactone, 257 
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Tribromotiiphonyl carblnol, S88 
„ -methyl, SM 

„ „ chloride, 283 

TrinitTonitritomothune, 16 
Tripeptide derivative, 18B 
Triphenyl-bromo-methaDe, 280 
oarblnol, 281 

„ ohloro-mothane, 281, 288 

„ ethane, 288 

iodo-methano, 287 
„ methane, 288 

„ methyl, 5, 6, 279 fT., 308, 304, SOS, 309, 810, 812 

„ absortive power of Kolutlons, 286 

„ bromide, 282 

„ chloride, 28], 282, 288 

dipheiiylamine, 308, 305 
„ double compoundH, 281 

„ hevnplioiiyl-cthane view of, 286 IT. 

„ iot' do, 280, 296 
, ioTiB of, 2i)6 

„ lead aniildgue of, 301 

„ molecular wci{(ht of, 285 

., .. peroxide, 281, 283, 2<)2. 2f)7 

„ preparation of, 280 

„ „ pro]jertioa of, 280 

„ „ rininoiioid, viewH of, 28!» :T. 

„ „ ealt^, condnctlvity of, 2i)6 

„ „ bnutoincrism, view of, 295 ff. 

„ „ tliioplioii, aiialogao of, Wii 

„ ,, trivolojit carbon, liypotbcftiH of, 283 ff. 

„ „ two forma of, 295 

TrihN'ariii, 191 
'I'ropic and hjiitlicsin, 126 
Tropine, 124 IT. 

and psoudotropino, iaoincrixin of, 12.fi 
Tropiiionc, 124 IT., 127 

,, ualural syntheniB of, 265 
Tryptophane, 11H 

ULLMAinr and Borbum’n hydrocarbon, 287, 288, 291, .307 

Uinliulliforoio compound, 266, 258 

Unexplained cases of isomorihm, .SS9 

Unbatiirated noids, rciMtions of with snlpliuric acid, 317-8 

UiiHiilnratiuii, 10 IT., 320 IT. 

Unsaturated kotonos, reactions with liydrowlaininc, SIR-'.' 

Uramil, 168-9 
Uric ooid, 168 IT. 

„ natural formation of, 276 
Uroxanic acid, 171 

VanEHcy, abnormal, 279 IT., 300 IT. 

„ partial, 11 
‘ „ variability of, 325 
Vanillin, 138 

„ methyl ether, 142 * 

Vat dyes, 6 

Veratroyl-nor-hydrohydrostinine, 157 
Vestrylamino, 47, 48, 80 
Viuyl-acetio acid, 317 
Vlolaniu, 228 
Violet A, 8 
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Vlolefe peifome, aMilfiolal, 97 
Vtolonc oH d, 168 
Vital ayntheses of alkaloida, 965 

„ „ „ anthooyaoins, 963 

oarbohydtatea, 9i6 

„ V • It o^vlose, 986, 989 

litB,971 

UgnoodluloBea. 289-44) 

proteins, 939, 940, 272 

„ „ „ pyrrol darivBtivea, 263 

torponos, 269 

Vorlander Hole, 891 fi. 

Vulouiiisation, 107 

Waldsn’b luvetsion, 18 i!., 335 

XABxmiira, 174 
Xanthophyll, 199 
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